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PUBLISHER’S LETTER 


Tsunami warning system must 
be built for Indian Ocean 


The enormous undersea earthquake and tsu- 
nami which occurred on December 26th (Boxing 
day) will have enormous consequences in Asia 
and all countries bordering the Indian Ocean for 
decades to come. The huge death toll, widespread 
injuries and utter destruction have been truly 
horrifying, 

Yet how much of it could have been avoided 
if there had been an effective warning system? If 
only. With a system similar to that operating in Ha- 
wail, Japan and for countries bordering the Pacific 
Ocean, it is probable that much of the death toll and the injuries could have 
largely been avoided. The economic destruction would still have occurred 
but buildings and infrastructure can always be rebuilt. 

Even now, there are plans afoot to build such a warning system and while 
some people will inevitably say that this is closing the door after the horse 
has bolted, there will always be more earthquakes and tsunamis to come in 
the future. Perhaps such events may not be very far into the future, since 
they are entirely unpredictable. The last major tsunamis killed thousands of 
people in New Guinea (1998) and Indonesia (Flores, 1992). 

In fact, since there are probably tens of millions more people living in 
countries bordering the Indian Ocean, it is arguable that the proposed warn- 
ing system should be much more precise and comprehensive than the system 
used in the Pacific. There need to be many more ocean level sensors relaying 
to satellites and the resultant warnings broadcast much more quickly. After 
all, when you consider that typical tsunamis travel at around 900km/h across 
deep oceans — faster than a jet airliner — the earlier the warning, the better. 
The present system in Japan can generate a tsunami warning within three 
minutes of a major earthquake and such a system could potentially have 
saved thousands of lives in Sumatra, even though this was very close to the 
undersea quake. 

When you think about it, there is no reason why such warnings could not 
be relayed automatically to virtually everyone in the population, whether by 
TV, radio or phone. In fact, in Asia, the mobile phone network could be the 
key. In the event of a tsunami warning, every person with a mobile phone 
could have an immediate SMS (text message). The same message could go 
out to fixed line phones as voice-mail. 

Of course the internet could have a substantial part to play in any warning 
system as well, so that people logged onto their computers, including at hotels 
and resorts, would get immediate warnings via email or internet browser. 

Ultimately, for such warnings to be effective, there would have to be well 
published procedures. mustering points and so on, as there are in Hawaii 
and Japan, 

Such a comprehensive warning system is feasible right now although it 
will possibly take many millions of dollars to implement right through the 
affected countries. But tragically, as we have seen, the cost of having no warn- 
ing system at all is just too high to contemplate. Fortunately, just as we were 
going to press, Germany has announced that they want to take a leading role 
in setting up a warning system and have drawn up a plan to cost an initial 
40 million euros, 

Let us hope that it proceeds without delay. 
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MAILBAG 


DVD player features 
pitch control 

I’m still buying cheapo DVD players 
and continue to be dumbfounded by 
both what we're getting and for how 
much! Some months ago, I was at 
| Lake Cathie (just south of Port Mac- 
quarie), where they had just opened 
a new Woolworths supermarket, and 
they had some door-buster opening 
specials. 

Among other things they had “Nu- 
Tec” DVD players for $69. They had 
every possible signal output configu- 
ration, vacuum fluorescent display, 
two Karaoke Mic inputs, electronic 
echo and tone controls AND variable 
pitch playback that works on both 
DVD and CD! 

I really don’t understand how this 
works, With DVDs, the audio pitch can 
be changed dramatically but the frame 
| rate remains rock-steady and artefact- 
free at 25 fps. The first DVD I tried it 
on was “2001: A Space Odyssey” and 
| through my big stereo system, all the 
big orchestral numbers pitched up and 
down faultlessly. There wasn’t a trace 
of the irritating whistling and chirp- 
ing that used to plague the expensive 
studio pitch-altering devices of a gen- 
eration ago when you tried to process 
| more than one voice or instrument at 
a time. There must be some damned 
clever DCT manipulation software in 
there. (It would certainly settle those 
perennial 24 frame film/25 frame video 
arguments). All for $69 and with a 
great picture too; clean as a whistle. 

It works the same with CDs, flaw- 
lessly changing the pitch but not the 
actual speed of the music. The echo is 
a bit basic; it only works on the micro- 
phone inputs and you can only alter 
the delay, not the actual echo level, 
but what do you want for that price? In 
normal Karaoke use (if there is such a 
thing), it’s actually quite effective. 

I managed to steam off the “warranty 
void if removed” label and take a peek 
inside. The assortment of PC boards 
is interesting. The main DVD player 
board is beautifully made, screen 
printed/green lacquered with plated- 
through holes and an assortment of 
| SMD chips, a 27MHz crystal and not 
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much else. How the hell do they get the 
4.43361875MHz and 3.579545MHz 
colour/color subcarriers out of the 
same 27MHz? 

The mains power supply module is 
amore humble TV-set-like brown phe- 
nolic non-SMD job, the vacuum fluoro 
and front control button PC board is 
very much Big-W Chinese clock radio 
standard, while the Karaoke mic input 
and level pot board looks more like 
something out of a 1970s Hong Kong 
pocket radio! 

Actually, my Aldi player still wins 
on two points: (1) it remembers where 
you were up to on a disk even after the 
power has been switched off; and (2) 
they supplied the two AAA cells for 
the remote! 

Keith Walters, 

via email. 


TV interference may 
have a simple cure 

I am writing regarding the item on 
a TV signal strength meter on page 88 
of the December 2004 issue. It reminds 
me ofa problem I had with Channel 10 
in Melbourne some 10 years ago which 
has probably been covered in SILICON 
CHIP before but here goes. 

I have multiple home outlets and 
at some time I noticed annoying her- 
ringbone patterns across the screen 
but no audio interference. I started 
down the path of antenna checking 
(testing others before actually buying) 
and balun and cable replacement (not 
always easy). 

Having run out of options, I called 
on Mr Antenna (before he became 
famous). He told me it was just interfer- 
ence from the FM radio transmitter co- 
existing on the TV station’s transmitter 
at Mount Dandenong. The fix was an 
FM trap at about four dollars. Do you 
think I wasn’t annoyed? The TV sta- 
tion’s sympathetic chief engineer said 
they were aware of the problem but 
management didn’t want to publicise 
it or the fix. 

S. K. should check that he is not 
experiencing some similar phenom- 
enon. 

Peter Brett, 

Melbourne, Vic. 





USB-controlled 
power switch 

I have just built the USB-Controlled 
Power switch published in the Novem- 
ber 2004 edition with the modified PC 
board from the Notes and Errata in the 
December 2004 edition. 

Congratulations to Jim Rowe on a 
very simple idea put to great use. Re- 
ferring to the problems with some PCs 
always having power on the USB port 
to power such devices as USB mouse 
chargers, I had this exact problem. All 
you need to get around this problem is 
a spare PCI slot and a cheap $20 USB 
add-on card. Run the power switch 
from this card. When you turn your 
PG off, the 12V power is removed from 
the USB ports and the Power Switch 
shuts down. 

This now gives me 11 USB ports on 
my PC and no glowing peripheral in 
the corner of the room at night. 

James Deland, 

Old Reynella, SA. 


Wind power is 
cube of the speed 

In the December 2004 article enti- 
tled “Build Yourself a Windmill Gen- 
erator’, it mentioned that the power 
in the wind is proportional to the 
square of speed. In fact, the power is 
proportional to the cube of the wind 
speed so that when the speed of the 
wind doubles, the energy and thus 
the power is increased eight-fold (2 
X2%2= 8) 

Consider this: the kinetic energy 
from the wind is E = 4 x mass x wind 
velocity*. The mass of the air is equal 
to the density x volume of passing 
the area swept by the blades or, wind 
mass flow = density x nr? x wind 
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velocity. So the energy in the wind is 
P = 1⁄4 x pro x nr? x wind velocity”. 

This means itis important to protect 
the windmill structure in gusty places 
as the energy in the wind varies with 
the cube of the wind speed. Imagine 
an energy level which is 27 times more 
than the one you designed it for when 
the wind speed triples, which is what 
usually happens in typhoons. 

Demetrio Chuasieng, 

Tsing Yi, Hong Kong 


Video cameras can check 
IR remote controls 

For those who don’t need the 
completeness of the Remote Control 
Checker kit featured in the January 
2005 issue, a digital video camera 
will do the same job. Simply point 
the video camera towards the IR LED 
in a dimly lit area and you can see the 
LED flash. The camera receives the IR 
signal and converts it to a white light 
on the LCD display. I presume the 
video camera supports IR reception 
for Night View camera modes. 

This is cheaper if you already have 
a video camera, more expensive if you 
don’t. A friend mentioned this to me 
some time ago when I was building 
a IR controller to turn things on/off 
from my computer and I wondered if 
it was transmitting the wrong codes 
or nothing at all. 

David Robinson, 

Alstonville, NSW. 
Editor’s comment: good point. When I 
was editing this article I made a men- 
tal note to include a panel mention- 
ing that you could check IR remotes 
with a video camera. As you can see, 
I forgot. 


Short life from CFLs 

I couldn’t agree more with Leo 
Simpson’s write-up in the August 
2004 issue on compact fluorescent 
lights and with what other Mailbag 
writers have had to say on the subject 
to date. We have tried a couple of the 
CFLs to replace normal incandescent 
bulbs and they didn’t last as long as 
the original incandescents. 

However, on reflection, we really 
didn’t give any thought as to where one 
could “properly” replace incandescent 
bulbs with CFLs. 

In reality, CFLs are just miniaturised 
standard fluorescent lights with elec- 
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tronic control thrown in, And where 
does one usually find standard fluoros 
used the most? Generally, they are 
used in areas where they are turned 


on and left on for several hours at a. 


time; eg, supermarkets, shops, car 
parks, hospitals, factories, street lights 
and so on. 

The way the CFLs are packaged 
and advertised, one can only believe 
that you could save heaps of money if 
you were to replace all the incandes- 
cent bulbs in your house with CFLs. 
I feel that advertising for CFL prod- 
ucts should include a recommended 
minimum operating period per day to 
achieve the advertised lifetime. 

Rod Josey, 

Killarney, Qld. 


Cheap components and 
inaudible beepers 

I wish to express my concern about 
three matters that no one but me seems 
to find worth raising. 


No 1. Never mind about fancy hifi | 


low loss cables. When are manufac- 
turers going to produce flexible flex? 
Years ago, we used to be able to put 
our soldering iron down and it would 
stay where we put it. 

No 2. When are manufacturers go- 
ing to produce RCA and similar plugs 
and sockets that do not get distorted 
when you try to make a good soldered 
joint to them? 

No 3. When are designers who 
put beepers into equipment finally 
realise that people of my age cannot 
hear a sound when the beeper is oper- 
ated? This can be quite critical when 
beepers are used in household alarm 
systems. 

Evan Prout, Wellington, 

New Zealand. 


Extra low voltage limit 
is 50V AC 

I note the letter from Brian Clancy 
in the Mailbag pages of the January 
2005 issue, quoting 32V AC as “extra 
low voltage” That information is four 
years out of date. 

The following is an extract from 
AS/NZS 3000. 2000 Wiring Rules. 
Note that the DC voltage limit for ELV 
is higher than for AC volts. 

1.4.90 Voltage 

Difference of potential normally 

existing between conductors and 
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The AVR570 module (above) is a way of 
using an ATmegal28 CPU on a user base 
board without having to lay out the intricate, 
surface-mounted surrounds of the CPU, and 
then having to manufacture your board on 
an SMT robot line. Instead you simply layout 
a square for four 0.1” spaced socket strips 
and plug in our pre-tested module. The 
module has the crystal, resetter, AVR-ISP 
programming header (and an optional JTAG 
ICE pad), as well as programming signal 
switching. For a little extra, we load a D81305 
RTC, crystal and Li battery underneath, 
which uses SPI and port G. 

See JED’s www Site for a datasheet. 


AVR573 Single Board Computer 
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his board uses the AVR570 module and 
adds 20 An./Dig. inputs, 12 FET outs, LCD/ 
Kbd, 2xRS232, 1xRS485, 1-Wire, power reg. 
etc. See www.jedmicro.com.au/avr.htm 


$330 PC-PROM Programmer 


This programmer plugs into a PC printer 
port and reads, writes and edits any 28 or 


| 32-pin PROM. Comes with plug-pack, cable 


and software. 


Also available isa multi-PROM UV eraser 
with timer, and a 32/32 PLCC converter. 


JED Microprocessors Pty Ltd 


173 Boronia Rd, Boronia, Victoria, 3155 
Ph. 03 9762 3588, Fax 03 9762 5499 


www. jedmicro.com.au 
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be-tween conductors and earth as 
follows: 
(a) Extra-low voltage not exceeding 
50V AC or 120 V ripple free DC. 
(b) Low voltage exceeding extra-low 
voltage, but not exceeding 1000 V AC 
or 1500 V DC, 
(c) High voltage exceeding low volt- 
age. 

Reg Brownjohn, 

Charlton, Vic. 


Energy Meter 
calibration queries 

I recently built the DSE version of 
your Energy Meter (July & August 
2004). While the kit appears to work 
very well, I have a few minor sugges- 
tions and observations. 

(1) Firstly, may I suggest that a better 
location for the VR1 contrast trimpot 
is on the ‘solder side of the display 
PC board where it remains accessible 
| after assembly. 

(2) In my opinion, the design of 
the battery backup circuit should 
include an enable/disable switch so 
that the meter can be stored without 
having to first open it and disconnect 
the battery. 

(3) The function of R2 is rather ob- 
scure. It appears to be there for noise 
cancellation but what kind of noise? 
The LPF at the inputs to the op amp 
| should reject RF noise, so as far as I 
can see, the only other possible noise 
source is radiated AF. IfR2 is intended 
to cancel the hum from T1, then I 
would think that R1 and R2 would 
need to be located symmetrically 
with respect to the transformer body. 
As it is now, R1 is about twice as far 
away as R2. 

(4) The power calibration procedure 
is somewhat questionable. My feeling 
is that the level of accuracy (using a 
radiator) leaves a lot to be desired. The 
primary factors affecting the meter’s 
accuracy are the internal reference 
voltage of IC1 (2.4V +200mV) and the 
tolerances of the scaling and sensing 
resistors. 
| Rather than use the 2.2MQ 400V 
| 5% resistors supplied in the DSE kit, 
I would use DSE’s 2.2MQ 600mW 1% 
Cat. R0258 resistors. I would then 
match the actual measured values of 
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the resistances on each leg of the amp 
so that the ratio of 2.2MQ to 1kQ is as 
close as possible on each side. After 
assembling the meter, I would care- 
fully measure the reference voltage 
on pin 9 of IC1 and use this alone to 
calibrate the meter. 

My Vref was 2.41V which suggests 
that no calibration should be necessary 
in my case. If on the other hand, the 
measured value was 2.50V, say, then 
I would think that the power reading 
should be increased by a calibration 
factor of (2.50/2.40)? = 1.085. 

Having said this, I am puzzled as to 
why the default power calibration set- 
ting is -600 counts. Why not zero? 

Franc Zabkar, 

via email. 

Comment: as with all types of meters, 
calibration is required. In particular, 
the Energy Meter needs calibrating to 
compensate for tolerance in IC1’s volt- 
age reference, the voltage division and 
current sense resistors and so on. The 
initial calibration of -600 was to pre- 
vent constructors having to calibrate 
any more than necessary. 

The tolerance of IC1’s internal refer- 
ence is the main reason for calibration. 
Using 1% 2.2MQ resistors would not 
alter this. The balanced current lines 
using R2 actually works well even 
though the circuit looks strange with a 
0,01Q resistor in series with 1kQ. 

Calibration using the radiator is 
accurate If the procedure is followed 
carefully. 


Warnings on 240VAC 
not too cautious 

I must agree with Brian Shirley 
(Mailbag, December 2004) that “Warn- 
ings on 240VAC (are) not too cautious.” 
The casual attitude many people have 
to the potentially lethal mains supply 
is almost unbelievable. 

His story of his misadventures with 
the lighting fixtures and cables illus- 
trate errors and methods of testing that 
are all too common, even these days. 

In the 1960s, the broadcasting sta- 
tion where I worked purchased an 
AC appliance tester. Not only would 
this test for wiring transpositions or 
disconnections on the power outlets, 
it also tested appliances for leakage 


to ground and for integrity of the ap- 
pliance’s earth connection. 


From memory (nowrather hazy after | 


so long), the leakage test used a neon 
lamp feeding the linked Active and 
Neutral legs of the power input, which 
would glow if the leakage to ground 
exceeded a few milliamps. 


The earth integrity test used a low- | 


voltage source to measure the resist- 
ance between the appliance’s earthed 
metal parts and the earth pin on its 
power cord, on a “good/bad” meter. 
From memory, the meter would indi- 
cate in the “good” part of the scale for 
a resistance of 3Q or less. 

I have not seem any similar testers 
either “in the flesh” or in advertise- 


ments. Maybe they rejected too many | 


appliances that people judged to be 
“safe enough.” 

Greg Mayman, 

Adelaide, SA. 


Keep up the 
high voltage warnings 

In regards to the issue of high volt- 
age warnings for certain projects, 
keep doing it! I have had many ac- 
cidents through complacency and 
have survived, fortunately. It cannot 
be expressed more strongly, high volt- 
age IS dangerous and all care MUST 
be exercised. 


I haven’t had any misfortunes with | 


high voltage for a few years but that is 
only because I try to be very aware of 
the dangers and I do exercise utmost 


caution. But one day, J may again be- | 


come complacent and I’ll get bitten 
again, perhaps fatally next time. 
Always beware of high voltage. If it 
doesn’t kill you, it’ll hurt like hell and 
leaves you feeling very unwell, pos- 
sibly for some days. It is also possible 


that you’ll suffer some cardiac damage | 


that may not show up for some time. 
Jan Dempsey, 
Dubbo, NSW. 


Atlas LCR meter a thrill 
What a thrill to open the August 


2004 issue of SILICON CHIP and see my | 


circuit idea published. An added thrill 
was to have won the Atlas LCR meter. 
It arrived a few days ago and I have 


had fun using it. Thanks for a great | 


magazine and thanks for my prize. 
Robert Gatt, 
Port Fairy, Vic. 
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Electronic 
Projects 
For Garsi 


17 TOP 
CAR PROJECTS TO BUILD 
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IGNITION PROJECTS: High-Energy Universal Ignition System; High-Energy Multispark CDI 
System; Programmable Ignition Timing Module. PIC-BASED PROJECTS: Digital Speed 
Alarm & Speedometer; Digital Tachometer With LED Display; Digital Voltmeter (12V or 
24V). ALARMS & ENGINE MONITORS: Blocked Filter Alarm; Simple Mixture Display For 
Fuel-injected Cars; Motorbike Alarm; Headlight Reminder. LIMITERS & IMMOBILISERS: 
Engine Immobiliser Mk.2; Engine Rev Limiter. MISCELLANEOUS: 4-Channel UHF Remote 
Control; LED Lighting For Cars; The Booze Buster Breath Tester; Little Dynamite 
Subwoofer; Neon Tube Modulator. 
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ORDER DIRECT FROM SILICON CHIP PUBLICATIONS 


PO Box 139 Collaroy, NSW 2097 ZRA Ce 


Mail orders: 
ea ee 
Fax orders: 
Email orders: 


02) 9979 5644 (9-5, Mon-Fri) Aust: $14.95 (incl. GST & P&P) 
(02) 9979 6503 (24 hrs, 7 days) NZ/asia Pacific: $18.00 via airmail! 
silchip@siliconchip.com.au Rest of World: $21.50 via airmail 
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s the gap between the develop- 
A and developed countries 
continues to grow, there are 
millions of people wanting a better 
life in the USA, Canada, UK, Australia 
and Europe. 

A spokesman for Canada’s Royal 
Mounted Police claims at any one 
time, 18 million people are poised to 
make a covert voyage to one country or 
another. These poor (in every meaning 
of the word) people are willing to bor- 
row, beg and shell out huge amounts 
of currency to get to the land of their 
hopes. 

And there are lot of criminals will- 
ing to take their hard-won savings. 

In 2000, 58 illegal Chinese im- 
migrants died in an airtight truck 
container at the port of Dover, having 
been transported across the continent, 
then across the Channel. The driver 
and a London-based accomplice were 
sentenced to 14 and 6 years imprison- 
ment respectively. 

French Customs in 2001 intercepted 
a 7.5m truck on a Channel ferry packed 
with rags and fabric — and 24 Indian 
nationals loaded in Paris and close to 
asphyxiation. 

At the UK end of the Channel Tun- 
nel Customs examined a tanker, laden 
with sand and 35 Indian ‘illegals’ who 
had been on the road from Belgium for 
4-5 hours. Nine more were found sit- 
ting on a load of frozen chickens in a 
freezer truck chilled to -9°C. Although 
they were wrapped in thermals the 
solid-sided vehicle had no exit mecha- 
nism and no way for them to leave the 
vehicle in an emergency. 

Fight Turkish Kurds, including two 
children, were found dead in Wexford, 
Ireland having hidden in a metal 
container they believed was headed 
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The Chinese developed 
NUCTECH X-ray scanner 
now operating in 
Melbourne, Sydney and 
Brisbane. It can detect a 
1.5mm metal wire hidden 
behind 10cm of steel. 


to Dover. 

A body was found in the wheel well 
of a US Airways jet at San Francisco 
International Airport. The unidenti- 
fied man was discovered a few minutes 
after landing. 


Solutions 


US border authorities believe they 
have an effective stopper for ‘kamikaze 
smugglers’ — cars packed with illegal 
immigrants and drugs that zip across 
the US-Mexican border. 

Called a Vehicle Stopping System 
(VSS), the device snares smugglers in 
high-tech nets; it stops suspects from 
fleeing by wrapping around the doors 
of the vehicle. Road spikes were not 
“a good solution” because the vehi- 
cles lost control and anyway, it was 
believed, smugglers could drive over 
the spikes by filling their tyres with 
silicone. 

Every year, 16 million containers 
move through America’s 361 ports, 
while only 4% of them are scanned 
— a big hole in the nation’s ‘terrorist 
shield’. The West Coast ports of Los 
Angeles-Long Beach, Oakland and 
Seattle currently process 11,000 con- 
tainers per day. 

While people smuggling is a serious 
problem worldwide, the US itself is 


People smuggling 
by road is big 
(illegal) business, 
| particularly 
= İn the US and 
| Europe. Here’s a 
“load” of illegal 
immigrants 
attempting 
-| to enter the 

| US hidden 
“| deep inside a 

i| cargo truck. 
But modern 

aj surveillance 
aa equipment can 
penetrate the 
steel walls of the 
truck. 
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also on high alert for illegal terrorist 
material imports — bombs, nuclear 
devices and so on. 

As detection techniques forge 
ahead, a number of approaches are 
now being either considered or taken 
up by authorities in their battle against 
smugglers. Some methods are claimed 
to offer comprehensive success in 
discovery of contraband — human 
and otherwise — while others are only 
partially successful. 


From the Air 


An Israeli company supplied two 
Hermes-450 aerial drones to monitor 
the Arizona border patrol and secure a 
560km stretch of the US-Mexican bor- 
der — known to be the most popular 
corridor for illegal immigrants. 

The remotely piloted vehicles can 
fly up to 145km/h, detect movement 
from 25km away and transmit live 
pictures day and night. 


Melbourne X-ray scanner 


A Chinese-developed X-ray scan- 
ner now operates at Swanson Dock in 
the Port of Melbourne, scanning steel 
shipping containers for drugs, arma- 
ments, explosives and other materials 
— and people. 

Measuring 35 x 15 metres, the scan- 
ner is driven by a six million electron- 
volt linear accelerator that projects a 
narrow vertical beam, able to penetrate 
260mm of steel. It can detect a 1.5mm 
metal wire hidden behind 10cm of 
steel. However the level of radiation 
around the scanner is less than that 
of a standard hospital chest X-ray 
machine. 

Broadly, the container scanner is 
a very large version of the machines 
used to check luggage at airports. 

Trucks carrying up to three 6-metre 
containers are driven into the scan- 
ner shed and parked under a rolling 
gantry carrying the beam projector. 
Drivers step down into a waiting room 
insulated against radiation while the 
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Three smuggled cars 








Smuggled Ivory 


Examples of 
NUCTECH scans. 





Smuggled cars 
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scanner, riding on a set of rails, runs 
the length of the truck. The gantry 
travels at 10 metres a minute, scanning 
a semi-trailer load of three six-metre 
containers in about 2.5 minutes. 

A receptor on the far side of the 
gantry gathers data produced by the 
X-ray beam and projects a digital im- 
age of each container’s contents on to 
computer screens in a control room 
where they are analysed by customs 
examiners. The whole process takes a 
little more than 10 minutes per truck. 
The facility handles about 100 con- 
tainers a day. 

Analysis of the images on monitor- 
ing screens takes another 10 minutes 
or so; the operator looks for ‘anoma- 
lies’, so if something does not fit the 
description of the cargo supposed to 
be inside, the container is manually 
examined in a nearby shed. 

Illegal drugs are among the most 
common seizures. Humans are rarely 
discovered — but sometimes they are 
found dead, asphyxiated in an airtight 
container. 

The Melbourne container scanner 
is the first of four bought by customs 
from NUCTECH Company Limited, 
the Chinese enterprise which is the 
largest producer of container and ve- 
hicle X-ray inspection systems in the 
world. Similar facilities are being built 
at Sydney, Brisbane and Fremantle. 


Texas Rays 


At checkpoints on Highways 77 and 
281 in Texas, mobile truck-mounted 
X/gamma ray machines, costing halfa 
million US dollars, are reported to scan 
a truck’s cargo in seconds in the search 
for ‘illegals’. TV and radio campaigns 
warn Latin American viewers of the 
dangers involved in people smuggling, 
while a bi-lingual campaign informs 
truck drivers of the penalties involved 
in smuggling illegal aliens. 


Neutron Scanner 


To date, industrial X-ray scanners 
are unable to reliably detect nuclear 
or fissionable materials transported 
in cargo containers due to the latter’s 
mass (some weigh up to 27 tonnes) 
and the mix of their cargo — food, 
sports gear, liquids — all of which may 
provide frustrating shielding. 

Over the last few decades, several 
industries have begun to use thermal, 
or low-energy, neutron imaging as a 
complementary technique to X-ray 
imaging for inspecting objects. Neu- 
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Livermore Laboratory physicist James 
Hall with imaging scintillator (light 
source) of neutron scanner. 


trons are electrically neutral particles 
similar in mass to a proton and present 
in the nuclei of all elements — except 
hydrogen. The drawback to these low- 
energy systems is that they are gener- 
ally limited to inspection of objects 
only a few centimetres thick. 

Now Lawrence Livermore National 
Laboratory (University of California) 
researchers has demonstrated the 
power of using high-energy neutrons 
as a non-destructive inspection tool 
for evaluating the integrity of thick 
objects such as nuclear warheads and 
their components. 

In non-destructive surveillance 
X-rays are adequate for inspecting 
the condition of high-Z (high-atomic- 
number) materials such as lead, tung- 
sten and uranium. But X-rays are not 
always effective in revealing cavities, 
cracks or other defects in low-Z (low- 
atomic-number) materials such as plas- 
tics, ceramics, lubricants and explo- 
sives when these materials are heavily 
shielded by thick, high-Z parts. 

High-energy neutron imaging offers 
unique advantages over conventional 
X-ray and thermal neutron imaging, 
particularly for inspecting light low-Z 
elements that are shielded by high-Z 
elements. High-energy neutrons have 
greater penetrating power through 
high-Z materials and, compared to 
X-rays, much stronger interaction in 
low-Z materials, so yielding more 
detailed images of the latter. 
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Livermore Laboratory design for a high energy neutron imaging system, 
consisting of a powerful neutron source, multi axis staging platform to hold and 
manipulate an object and an effective imaging detector (CCD). 


This imaging detector consists of 
a 60cm diameter transparent plastic 
scintillator (a component that gives 
off light when a charged particle 
passes through it), viewed indirectly 
by a camera with a high-resolution 
(2048x2048 pixels) CCD. A thin turn- 
ing mirror made of aluminised glass 
reflects the brief flashes of light, gen- 
erated by neutrons interacting in the 
scintillator, into the CCD camera. 

The camera has a fast f/1.0 aperture 
lens to enhance its sensitivity and 
is cooled with liquid nitrogen gas 
to -120° C to minimise dark current 
noise (to which CCDs are prone). Ex- 
posures can be as long as 30 minutes 
per capture. 

The final Livermore detector would 
work by firing a neutron beam through 
a cargo container as it rolls along a 
conveyor belt between two large, flat 
arrays of detectors (jokingly called a 
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‘nuclear car wash’). The high-speed 
neutrons would split atoms within 
concealed uranium or plutonium. The 
atoms would exhibit their presence 
by emitting their own telltale electro- 
magnetic radiation (gamma rays) and 
neutrons, which could be sensed by 
the detector arrays. 

Scientists want to be able to detect 
at least one kilogram of plutonium, 
significantly less than is required to 
make a bomb — but some terrorists 
might try to evade security scanners 
by bringing fissionable materials into 
the country in small pieces for later 
assembly. 

There are some problems ahead: 
for example the enriched uranium or 
plutonium may be shielded with lead, 
(absorbs gamma rays) or with materials 
rich in hydrogen (water, wax or wood), 
which absorb neutrons. 

Another difficulty is how to pick up 
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Hall and co-workers set up the scanner test. 
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more bales hidden under a load of hay. 


the signal of bomb materials against 
the background noise of cosmic rays 
in the environment. And the neu- 
trons have to be intense enough to 
detect fissionable materials without 
being severe enough to harm human 
stowaways. 


The Neutron Race 


There is an Australian research 
neutron X/gamma ray research venture 
being piloted by Dr Brian Sowerby, 
Project Leader and Chief Scientist, 
with his team at the CSIRO Minerals 
unit, based at the Lucas Heights, NSW 
reactor. 

Is there a race? Possibly, as the unit 
is discouraging publicity prior to the 
official launch and images of the scan- 
ner cannot be released. 

The Australian Government has 
allocated $8.4 million to the Customs 
Service to develop a contraband scan- 
ner that can quickly and accurately 
detect illegal drugs and explosives. 
Using the CSIRO approach the aim is 
to construct a commercial scale scan- 
ner and facility in Brisbane, to trial the 
technology in 2005. 

Whereas the US Livermore device 
is known to be slow in operation at 
this stage of its development, the 
Australian venture should have speed 
on its side and be less intrusive com- 
mercially — scanning an air-freight 
container should take less than two 
minutes. 

The Australian scanner combines X- 
ray scanning and the neutron method. 
It is expected to be around a quarter 
the cost of the Livermore device, so 
there should be considerable market 
interest in it. 

Customs and CSIRO have already 
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Bales of marijuana (1) hidden behind a false wall (2) in the rear of a truck, with 


successfully prototyped, tested and 
patented the device, thanks to the 
building of a full-scale prototype at 
Lucas Heights. In tests it scanned 
standard air cargo containers and 
correctly identified a wide range of 
concealed contraband. 

In a press release from the CSIRO 
Dr Nick Cutmore, Program Manager 
at CSIRO Minerals explains that the 
main advantage of the scanner, over 
current and potential new scanners, 
“is its ability to accurately and rapidly 





detect and predict the composition, 
shape and density of an object — in 
real-time on the tarmac.” 

Conventional X-ray scanners can 
detect objects based on their density 
and shape — but not their composi- 
tion. X-rays and their variations fall 
down when there is a need to detecting 
materials like drugs and explosives, 
plastics and organics. 

Dr Cutmore believes the scanner 
is unique in the way it uses gamma 
rays and neutron analysis to construct 
an image and the composition of the 
object being scanned. 

The CSIRO scanner is able to distin- 
guish varying classes of compounds; 
organic materials can be detected, even 
when hidden behind heavyweight 
objects. One example is that drugs 
have been detected in tests, even when 
placed inside concrete blocks. 

While keeping a tight rein on infor- 
mation on how the scanner actually 
works, Dr Sowerby has been quoted in 
an ABC Radio interview as explaining 
that a combination of commercially 
available components were used — but 
that the key component is the detector 
ray itself. 

The principle harks back to some 
years of earlier research in on-line 
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This contraband detection X-ray system has civil libertarians in a real tizz as it 
is capable of revealing quite intimate body details (as you can see), along with 
contraband secreted both on and inside the body. One would have to ask if this 
is any more intrusive of civil liberty than a full body search of a suspect? 
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Dr Brian : 
standing on the prototype scanner platform. 


analysis instrumentation for the min- 
eral and coal industries. This used 
neutron X/gamma ray techniques to 
measure the value content of minerals, 
coal ash and other materials. 

To apply practical experience to the 
prototype scanner a quantity of guns, 
grenades and explosives were taken 
into Lucas Heights to be stowed into 
actual airline containers for the tests. 
One can only imagine the security 
headache this must have caused the 
reactor’s security staff! 

Airline and sea containers have a 
similar maximum width of a little 
more than two metres, so the CSIRO 
scanner is believed to be able to ‘look 
into’ both types. Smaller objects are 
well within its ‘view’, possibly right 
down to parcel-shaped objects; in this 
case, lower energy neutrons would be 
employed. 


UK findings 


The British Immigration Service 
commissioned a report to determine 
whether the use of “mobile X/gamma 
ray radiation scanners is justified in 
the detection of people seeking to 
circumvent UK immigration controls.” 
The rate of clandestine entry by people 
concealed in vehicles and/or freight at 
ferry ports and the Channel Tunnel is 
stated to be “very high”. 

Current measures in use include car- 
bon dioxide sensors, which give rapid 
and generally reliable indications 
of concealed humans and animals. 
However, certain types of freight emit 
CO2, which masks detection. Also, 
some containers prevent examination 
by CO2 sensors. 

The Immigration Service plans to 
deploy X/gamma radiation scanners at 
UK ports and control zones as a follow 
up to the CO2 scanners. 

The X/gamma ray scanners emit 
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low doses of radiation 
to make an image of 
the freight, via a highly 
sensitive detector array 
system. It moves along 
the whole length of the 
vehicle and typically 
takes a few minutes to 
produce an image. 

The scanning equip- 
ment uses low exposure 
high-energy X/gamma 
radiation systems, linked 
to a detector array sys- 
tem, which images the 
contents of the vehicles 
and/or freight. 

The shielded driver’s cab and opera- 
tors cabin form an integral part of the 
scanning vehicle and are intended to 
be occupied throughout the examina- 
tion, (which takes up to 50 seconds for 
a 12-metre container and truck). 

The tightly collimated X/gamma ra- 
diation beam scans the vehicle and/or 
freight either as a ‘flying spot’, scan- 
ning down the vehicle and/or freight 
from top to bottom, or as a fan beam. 

There are questions about the level 
of radiation in order to protect the 
public, scanner operators and truck 
drivers. It is understood the radiation 
level is not high enough to affect food- 
stuffs contained within the trucks and 
insufficient to affect humans. There 
is no radiological impact on the envi- 
ronment from using the scanner, as it 
contains no radioactive material. 

The report concluded that people 
who may fly to the UK to claim asylum 
could well be exposed to a higher dose 
from cosmic radiation than if they 
were subjected to a scan in a vehicle. 


In a heartbeat 


There have also been trials of heart- 
beat sensors at Dover and Coquelles 
(in France), respective ends of the 
Channel Tunnel. 

This works by placing up to four 
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brass sensors, connected to a simple 
touch screen computer, on the frame 
of a stationary vehicle. The system 
is capable of detecting a heartbeat 
(human, animal, bird etc) by measur- 
ing minute vibrations in the vehicle 
structure and matching them against 
the known sonic pattern of a human 
heartbeat. 

Analysis of this passive millimetric 
wave imaging uses thermal imaging 
techniques to detect radiation natu- 
rally emitted from objects. Although 
it can only be used for soft-sided 
vehicles, it works when the vehicle 
is Moving. 

Eurotunnel currently uses the sys- 
tem at Coquelles while the British are 
“looking at it.” 

Coincidentally, the Ford/Volvo car 
combine has trialled ‘SecureCar’ in a 
Volvo S80, using an electronic micro- 
accelerometer, a microprocessor and 
sophisticated software to detect heart- 
beats anywhere within the vehicle. 
The latter also contains two additional 
systems, designed to aid an individual 
trapped in the trunk: a CO2 sensor 
scans the trunk for signs of trapped 
occupants and a touch-sensitive pad 
inside the trunk can open the lid if it 
touches any part of a living being. 


Ion scanner 


At Montreal (Canada) Dorval airport 
ion scanners are used by the Mounties 
to detect the explosives or drugs inside 
closed containers, such as packages 
or luggage. Already ion scanners are 
heavily used by Canadian customs 
officers. 


Deep Scans 


So, next time you use your desktop 
scanner to capture the surface of a 
printed A4 page, spare a thought for 
the scientists working with X/gamma 
ray technology and the like as they 
peer into the contents of a 27 tonne 
container! SC 





Ford/Volvo has 
trialled ‘SecureCar’ 
in a Volvo S80, using 
- an electronic micro- 
accelerometer, a 
small microprocessor 
and sophisticated 
software to detect 
heartbeats anywhere 
within the vehicle. 


FEBRUARY 2005 13 








Here’s an easy-to-build project which will let you take your own 
electrocardiogram (ECG) and display it on a PC. You can read, 
display, save to disk and print the electrical waveform generated 


by your heart — or anyone else’s. 
It connects to your PC via a 
standard USB cable which 


also provides the low power 


it needs to operate. 


n Electrocardiograph is a piece 
Ak medical equipment used 

to measure and record the 
voltages (ECG) produced as a result 
of heart muscle activity. 

By attaching electrodes (or ‘leads’ 
as they are known in the trade) to the 
skin of your wrists, ankle or chest, our 
PC-Driven ECG project can display, 
record or print out the same kind 
of ECG waveform on your personal 
computer. 

Why would you want to build one? 
Well, looking at the waveforms gener- 
ated by your heart can be both fun and 
educational. 

You can monitor changes to your 
heart under various conditions, as 
your heart is affected by many factors 
such as emotions, mental and physical 
activity — even breathing. 

All of these things have a demonstra- 
ble effect on the heart’s ECG waveform. 
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Being able to show this easily, safely 
and at low cost is an added bonus. 

Professional ECG machines can cost 
anything from $4000 up, and while 
this project is not intended to be used 
as a diagnostic device, the displayed, 
recorded and printed waveforms are 
ofa quality approaching that of profes- 
sional machines. 

Our new PC-based electrocardio- 
gram is smarter than previous models 
because its operation is under the con- 
trol of an inbuilt PIC microcontroller. 
It’s also faster and compatible with 
modern PCs, because it’s linked to the 
PC via a standard USB cable — thanks 
to the use of an Elexol USBMOD3 
interface module. 

And finally it’s easier to use, because 
all functions are controlled using a 


By JIM ROWE 









Windows-based GUI program, written 
in Visual Basic. 

Both the PIC microcontroller’s 
firmware program and the Visual 
Basic PC program will be available 
on the SILICON CHIP website (www. 
siliconchip.com.au), 

The PIC program (ECGSAMPL. 
HEX) is in hex code form ready for PIC 
programming, while the VB program 
(ECGCONTR.ZIP) is in the form of a 
zipped-up installation package. We 
imagine that kit suppliers will have 
already programmed the PIC for you. 

You'll also need a special USB 
virtual COM port driver which the 
PC needs to communicate with the 
ECG via a USB cable. This will also 
be available on the SILICON CHIP web- 
site, as R9052154.ZIP. Both the latter 
items can be installed directly on a PC 
running Win98SE or newer USB-com- 
patible operating systems. Note that it 
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won’t work with Win NT-based systems — not through 
any shortcoming in the design but the simple fact that 
NT doesn’t recognise the USB port. 


How it works 

The muscles of your body are controlled by electro- 
chemical impulses. These impulses are distributed to 
the muscles by the nervous system. 

On reaching their destination, the nerve impulses 
cause the muscles to contract and produce much larger 
electrical voltages. A small proportion of these voltages 
is conducted out through to the surface of the skin where 
they can be detected using sensitive equipment like an 
ECG (often also called EKG). 

Because the heart is a large and rather complex group 
of muscles which contract cyclically in a preset sequence 
(see sidebar), it is possible to study the overall condi- 
tion of the heart by measuring the amplitude, timing 
and waveform of the heart muscle voltage components 
found on the skin. This is the reason for capturing ECG 
waveforms, which are obtained using two or more 
electrodes (pads) attached to the skin via conductive 
saline gels or paste. 
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A “screen grab” using this project on a live human. We make 
no comment on the condition of his/her heart from this graph: 
perhaps a cardiologist out there might care to? 
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The complete ECG setup using our new Electrocardiograph, a laptop PC (with 
USB) and home-made electrodes. You can also use commercial ECG pads. 


Capturing ECG waveforms is really 
quite a challenge, because the voltage 
components found on the surface of 
the skin are quite small in amplitude: 
around 1mV peak to peak, depend- 
ing on the positions of the electrodes 
and the resistance between them and 
the skin. 

So to display or record 
these voltages we need to 
feed them through a high 
gain amplifier. 

To make the job that much 
harder, the tiny voltages we 
want to measure are usu- 
ally completely swamped by 
50Hz hum, picked up by our 
bodies from the fields sur- 
rounding the AC wiring in 
our homes and offices, etc. 

Luckily we are only in- 
terested in the voltage dif- 
ferences between the two 
electrodes being used at any 
time, whereas the 50Hz hum 
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picked up by the electrodes is virtually 
the same regardless of their position 
on the body. In other words the 50Hz 
hum is a ‘common mode’ signal, while 
the tiny ECG voltages are ‘differential 
mode’ signals. 

By using a highly balanced differ- 
ential amplifier as the input stage of 





project, an Analog Devices AD623 instrumentation 
amplifier. It’s essentially three op amps in one. 


the ECG amplifier, we can cancel out 
most of the common-mode 50Hz hum 
before the differential ECG voltages 
are amplified. 

By the way, the connections be- 
tween the electrodes and your skin 
play an important role in this hum 
cancellation, because if one connec- 
tion is poor this can upset the balance 
of the input amplifier. 

Most of the remaining 50Hz signals 
are removed by low-pass filtering in 
the later stages of the amplifier. As a 
result the output of the amplifier pro- 
vides relatively clean amplified ECG 
signals, with very little 50Hz hum. 

We then use a simple PIC-driven 
ADC (analog to digital converter) to 
sample the amplified signals to be sent 
to the PC for display and recording. 


Circuit description 


Let’s see how the circuit works. It is 
shown in Fig.1. 

The shielded electrode leads are 
brought into the Electrocardiograph 
via connectors CON1 and CON2 and 
fed through 1WF coupling capacitors 
and series 3.9kQ resistors to the in- 
puts of IC1. This is an Analog Devices 
AD623AN device, a specialised instru- 
mentation amplifier offering precision 
balanced differential inputs and hence 
very high common-mode signal rejec- 
tion, combined with high gain. 

A simplified version of the circuitry 
inside the AD623 is shown in Fig.2. It 
is essentially three op amps in one: two 
matched-gain input stages feeding a 
balanced ‘subtractor’ output stage. 

The overall AD623 gain for differ- 
ential-mode signals is set by the single 
external resistor Rg (between pins 1 & 
8), which gives a gain of 1000 times 
(60dB) using a value of 100Q. 

Returning to the main circuit, to 
ensure that IC1 can deliver 
maximum undistorted output 
level and also that the ADC 
used for sampling the amplified 
signals can handle the largest 
signal swing, we connect IC1’s 
reference signal input (pin 5) to 
alow impedance source of +2.5V 
DC (ie, half the supply voltage). 

This is provided by the voltage 
divider formed by the two 3.0kQ 
resistors and it thereby sets the 
zero-signal output level of IC1 
to +2.5V DC. The two 220kQ 
input bias resistors for [C1 are 
also returned to the same +2.5V 
point, as you can see. 
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As IC1 is being operated with such 
a high gain, we also need to prevent 
it from amplifying any stray RF sig- 
nals which may be picked up by the 
electrode leads (or the subject’s body). 
This is the purpose of the 1nF bypass 
capacitors on each input of IC1 and 
also the 47nF capacitor between the 
two inputs. All three capacitors form 
a balanced low-pass filter, in conjunc- 
tion with the two 3.9kQ input series 
resistors. 

The rest of the Electrocardiograph’s 
amplifier and filter circuitry is based 
around IG2, an LM358 dual low-power 
op amp. The output from IC1 is fed 
to the input of IC2a via a passive RC 
low-pass filter formed by the series 
8.2kQ and 1.8kQ resistors and the 
1.0uF capacitor, which give a corner 
frequency (-3dB point) of about 17Hz 
and an attenuation of about -9dB at 
50Hz. 

IC2a is used to give additional fixed 
amplification to the ECG signals, of ei- 
ther two or four times as set by switch 
S1, which determines the negative 
feedback ratio. So in the LO position 
of the switch the amplification in IC2a 
is 2, while in the HI position it gives a 
gain of 4. The overall ECG signal gain 
for the two switch positions is there- 
fore 2000 and 4000, respectively. 

IG2b is used to provide additional 
low-pass filtering, to further reduce 
any remaining 50Hz hum. With the 
R and C values shown this filter stage 
has a corner frequency of about 15Hz, 
providing further attenuation of about 
-21dB at 50Hz. At the same time it has 
unity gain for the low frequency ECG 
signals. So at the output of IC2b (pin 
7} we end up with relatively clean and 
hum-free ECG signals, amplified by 
either 2000 or 4000 times depending 
on the setting of switch S1. 

The rest of the circuit is involved 
in performing analog-to-digital con- 
version (ADC) of these signals, and 
sending them back to the PC via the 
USB cable and port. Both of these 
functions are controlled using IC5, a 
PICG16F84A microcontroller operating 
at 4MHz. 

Analog-to-digital conversion is done 
using comparator IC3 to compare the 
amplified ECG signals with a pro- 
grammed reference voltage generated 
by IC5 and IC4, an octal transceiver 
containing eight digital buffers. IC4 
drives the binary ladder network 
formed by the 10kQ and 20kQ resis- 
tors. The combination of IC4 and the 
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Looking straight 
down on the 
completed PC 
board, mounted 
inside the bottom 
of the case. 

Note the earth 
connection on the 
right-hand side of 
the box. 






ET Fig.3: and here’s 
i | | 5 
(RXD) 
GID È 
4MHz 


ip | =a | 
( DOJ the matching 
0- AAJ overlay diagram 
XY’) to help you place 


the components 
correctly. Between 
this and the photo 
above, you should 
have no problems 
in construction. 







SIDE OF 
BOX 


M3 x 9mm CSK HEAD SCREW 
WITH SOLDER LUG, NUT & 
2 x STAR LOCKWASHERS 
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ladder network forms a simple digital- 
to-analog converter (DAC), whereby 
IC5 can generate any of 256 different 
voltage levels between OV and 5V at 
the positive input (pin 2) of IC3, by 
providing 8-bit values on the outputs 
of its I/O port B (pins 6-13). 

The output of comparator IC3 is con- 
nected to pin 3 of IC5 which is bit 4 of 
the micro’s I/O port A, configured here 
as an input. This allows the micro to 
monitor the output of IC3 and perform 
a simple ‘successive approximation’ 
ADC algorithm. It generates a sequence 
of voltages at pin 2 of IC3 and changes 
the sequence according to the compa- 
rator output (which indicates whether 
the DAC voltage is higher or lower than 
the EGG voltage on pin 3). As a result, 
the micro can quickly ‘zero in’ on the 
ECG voltage during each sampling 
sequence, arriving at its 8-bit digital 
equivalent in only 48s. 

When each digital sample has been 
taken, the micro then sends it out in 
serial format (38,400bps) from bit 1 
of its I/O port Ai (pin 18) to pin 27 
(RxD) of the USB-MOD3 interface 
module. This module then reformats 
the sample and sends it back to the PC 
via the USB cable and port. 

The micro is programmed in 
firmware to take a sequence of 8192 
of these samples at a time, at any of 
three rates: 500, 1000 or 2000 per 
second. The rate is controlled by the 
Visual Basic software running in the 
PC, which sends a control code out to 
the micro when you click on the ‘Start 
Sampling’ button. 

The control code is sent out via the 
USB cable, is received by the USB- 
MOD3 module and then sent to the 
micro via the module’s pin 28 (TxD), 
connected to bit 0 of the micro’s I/O 
port A. 

Two inverse-parallel connected 
diodes (D1 and D2) at the inputs of 
IC3 are used to limit the voltage swing 
between the comparator inputs to +/- 
0.6V, regardless of the real difference 
between the amplified ECG and DAC 
reference voltages. This limiting pre- 
vents the comparator from being satu- 
rated and allows it to respond faster 
when the difference voltage changes 
in polarity. 

The USB-MOD3 module is powered 
from the PC via the USB cable and it 
provides +5V DC from its +VBUS pins 
(pins 4 and 13), to power the rest of the 
circuitry. IC3, IC4 and IC5 are powered 
from it directly, while IC1, IC2 and the 
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Your heart & its electrical activity 





ONE HEART BEAT/PUMPING CYCLE 


Most people are aware that your 
heart is basically a pump, which 
pushes your blood around your body 
via your arteries and veins. 

The typical human adult heart is 
about the size of a clenched fist, and 
weighs about 300 grams. 

It is a popular misconception that 
the heart is located in the left side of 
the chest. It’s not: the heart is located 
near the centre (although its apex 
points to the left) and is virtually sur- 
rounded above and at the sides by 
the lungs. 

In a normal adult it pumps about 


= once per second although this can 


vary dramatically due to a large 
number of causes (age, fitness, cur- 
rent activity and health/disease being 
just four). 

The pumping action is triggered 


| mainly by a nerve centre inside the 


heart, called the sino-atrial or ‘SA’ 
node. Each pumping cycle is initi- 
ated by a nerve impulse which starts 
at the SA node and spreads down- 
wards through the heart via preset 
pathways. 

The heart itself is made up of 
millions of bundles of microscopic 
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muscle cells, which contract when 
triggered. The muscle cells are elec- 


trically polarised, like tiny electrolytic 


capacitors (positive outside, negative 
inside), and as the trigger pulse from 
the SA node passes through them, 
they depolarise briefly and contract. 
So with each beat of the heart, a 
‘wave’ of depolarisation sweeps from 
the top of the heart to the bottom. 


Weak voltages produced by this wave | 


appear on the outside surface of your 
skin, and can be picked up using elec- 


trodes strapped to your wrists, angles- 


and the front of your chest. 


its these voltages (about ImV > 


peak to peak) which are captured and 


recorded as an electrocardiogram or | 


‘ECG’. 

The actual shape and amplitude 
of the ECG waveform depends upon 
the individual being examined and the 
positioning of the electrodes but the 
general waveform is shown above. 

The initial ‘P’ wave is due to the 
hearťs atria (upper input chambers) 
depolarising, while the relatively larger 
and narrower 'QRS complex’ section 
is due to the much stronger ventricles 


(lower output chambers) depolarising. — 


Finally the ‘T’ wave is due to repo- 
larisation of the ventricles, ready for 
another cycle. 

Doctors are able to evaluate a 
number of heart problems by measur- 
ing the timing of these wave compo- 
nents, and their relative heights. They 
can also diagnose problems by com- 
paring the way the wave components 
change with the various standard 
electrode and lead connections (as 
shown below). 
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Here’ S the bottom of the'e case, f which has bame the iene 
showing the end cutouts for the electrode leads and the 
switch. Below right is the top of the case, which has 
become the bottom, showing the end LED and USB 





standard diecast alu- 
minium box meas- 
uring 119 x 93 x 
34mm. 

The box is used 
upside down, with 
the PC board assem- 
bly mounted com- 
ponent-side down 
inside the main part 
of the box via four 
6mm long M3 tapped 
Nylon spacers, with 
eight 6mm long M3 
machine screws 
(four of them with 
countersink heads, 
passing through 
matching holes in 
the box). 

The two RCA con- 
nectors used for the 
ECG electrode leads 
are accessed through 


connector cutouts... Confused? All is explained in the text! two 12mm diameter 


analog circuitry are fed via a low-pass 
filter formed by RF choke RFC1 and the 
100uF bypass capacitor. These remove 
any digital switching noise from the 
‘analog’ 5V rail. 

When it is transmitting or receiv- 
ing data via the TxD or RxD lines, the 
USB-MOD3 interface module pulls 
down its TXLD (pin 17) or RXLD (pin 
15) pins. LED1 and LED2 indicate bus 
activity. 

Although the complete Electrocar- 
diograph is housed in a metal box to 
provide shielding, the metal box is not 
connected directly to the signal earth 
as you might expect. 

Instead, it’s connected via a parallel 
combination of a 33kQ resistor and a 
100nF capacitor, to provide current 
limiting in the (unlikely) event of the 
earth connection of your PC becoming 
broken and the signal earth of your 
computer and the Electrocardiograph 
becoming ‘live’. 

Even if you are touching a good earth 
and the Electrocardiograph box at the 
same time in this situation, you should 
be safely protected from receiving any- 
thing more than a small ‘tingle’. 


Construction 

All of the Electrocardiograph 
circuitry except slider switch S1 
is mounted on a PC board which 
measures 107 x 81mm and coded 
07102051. 

The board assembly fits inside a 
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holes in one end of 
the box, with miniature slider switch 


S1 mounted in a 5 x 10mm rectangu- 
lar hole at the same end, fixed in the 
case via two 6mm long M2 machine 
SCTeWS. 

At the other end of the case are two 
3.5mm holes for the indicator LEDs, 
plus a 13 x 11.5mm rectangular hole 
for access to the USB connector. 

Assembling the components on the 
PC board is quite straightforward, as 
the only surface-mount parts used 
are in the Elexol USB-MOD3 module, 
which comes prebuilt and tested. 

It’s in the form of a 32-pin DIL 
package with machined pins on 
standard 0.6” x 0.1” spacing, which 
drop straight into matching holes 
on the main PC board and are then 
soldered. 

To protect it from | 
possible damage | 
however, the mod- P: 
ule shouldn’t be | A 
mounted on the 
board until you’ve 
fitted all of the oth- 
er components. The 
component overlay 
diagram for the PC 
board is shown in 
Fig.3. 

You can begin | 
assembly by fitting | 
the single wire link, 
which goes in the 
centre of the board 


just above the location for IC3. Then 
fit the PC pins: two for the connections 
to switch S1 and one for the wire to 
the metal box itself. 

Then fit the two board-mounting 
RCA connectors CON1 and CON2. 
You may need to enlarge the slots in 
the board pads with a small jeweller’s 
needle file, before the connector lugs 
will pass through them to allow the 
connectors to mount down against the 
top of the board. Then the lugs are sol- 
dered to the board copper underneath 
to hold them securely in place. 

Next, fit the 18-pin IC socket for 
the PIC (IC5) which should be fitted 
with its notch end facing to the left, 
where the USB-MOD3 module will 
ultimately be fitted. Use a socket with 
machined pins, for higher reliability. 

Fit the resistors next, taking care 
to fit each one to the board in its cor- 
rect position as shown in the overlay 
diagram. 

Then fit the multilayer monolithic 
and ceramic capacitors, again using 
the overlay diagram as a guide. The 
MKT capacitors and the 6.8uF non- 
polarised electrolytic capacitor and 
the 4MHz crystal can be installed 
either way around. The remaining 
electrolytic capacitors are polarised, 
so make sure that you fit these with 
the orientation shown in the overlay 
diagram. 

Note that the 220uF electrolytic at 
the lower left corner of the PC board 
should be a low leakage type (RBLL). 

The two 1N4148 diodes (D1 & D2) 
go in almost the exact centre of the 
board, with opposite polarities. Then 
fit 1C2, 1C3 and IC4, all of which solder 
directly into the board. Make sure you 
fit them the correct way around, as 
shown in the overlay diagram. Then 


fit IC1, taking even more care, as it’s 
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rather more expensive. 

The two LEDs are fitted next. Their 
leads are left straight, and introduced 
to the PC board holes with the longer 
anode leads towards the right (as seen 
in the overlay diagram) and the ‘flat’ 
side of the LED bodies towards the left. 
The leads are then soldered to the pads 
under the board with the LED bodies 
held directly above and about 15mm 
above the board. This allows them to 
be bent outwards by 90° afterwards, so 
the bodies will protrude out through 
the matching holes in the box. 

Finally, you can drop the USB- 
MOD3 module into place and solder 
its pins to the pads underneath. You 
don’t have to solder all of its pins; just 
those where the main PC board pad is 
connected to a track or the earth cop- 
per. These will be sufficient to make 
all necessary connections and hold the 
module securely in place. 


Preparing the box 

There aren’t very many holes to cut 
in the aluminium box, but those there 
are should be located and cut accu- 
rately so that the PC board assembly 
and slider switch S1 will mount inside 
it without problems and the complete 
assembly can be connected easily to 
the ECG electrode leads and the USB 
cable. The location and size of all holes 
needed in the box are shown in the 
drilling diagram of Fig.4. 


Final assembly 


Use four countersink-head M3 
screws to attach the four M3-tapped 
Nylon spacers to the inside of the box. 
Tighten these screws fairly tightly, 
because their heads become inacces- 
sible when the dress front panel is 
attached later. 

Now fit the PC board assembly into 
the box. You’! find it necessary to push 
the RCA connectors further through 
their box holes than their final posi- 
tion, to allow you to swing the USB 
module/LEDs end of the board down 
into the box. Once the board is sitting 
on the spacers you can slide the board 
back until its mounting holes are cor- 
rectly aligned over the spacers. Then fit 
the four remaining M3 x 6mm screws, 
to attach the board assembly securely 
inside the box. 

Once this is done you should be 
able to push the two indicator LEDs 
out through their matching 3.5mm 
holes, so they’ll be visible when the 
box is closed. 
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1 PC board, code 07102051, 107 x 81mm 

1 diecast aluminium box, 119 x 93 x 34mm 

1 Elexol USBMOD3 USB interface module (www.elexol.com) 
2 RCA sockets, PC board mounting (CON1,2) 


1 1MH choke (RFC1) 
1 4MHz crystal (X1) 
1 miniature DPDT slider switch (S1) 


1 18-pin DIL socket, with machined pins 
2 6mm x M2 machine screws, round head 


4 6mm x M3 tapped Nylon spacers 


4 6mm x M3 machine screws, countersink head 
4 6mm x M3 machine screws, round head 
1 9mm x M3 machine screw, countersink head 


1 M3 nut with two star lockwashers 
1 solder lug 
3 1mm PC pins 


Semiconductors 
1 AD623 instrumentation op amp (IC1) 
1 LM358 dual op amp (IC2) 

1 LM311 comparator (IC3) 

1 74HC245 octal transceiver (iC4) 
1 PIC16F84A microcontroller (IC5) programmed with ECGSAMPL.hex 
1 3mm green LED (LED1) 


1 3mm red LED (LED2) 
2 1N4148 diodes (D1,D2) 


Capacitors 


t 220uF 50V RBLL low leakage electrolytic 


2 100uF 16V PC electrolytic 
1 10uF 16V PC electrolytic 

1 6.8uF NP electrolytic 

4 1.0uF MKT polyester 

8 100nF multilayer monolithic 
1 47nF multilayer monolithic 
2 1nF NPO disc ceramic 

2 33pF NPO disc ceramic 


Resistors (0.25W 1% metal film) 
2 220kQ 1 100kQ 
1 11kQ 9 10kQ 
2 3.0kQ 1 2.7kQ 
1 1kQ 2 2200 


1 33kQ2 
1 8.2kQ 
1 1.8k2 
1 1002 


11 20kQ 


For making two ECG electrodes: 


2 insulated RCA plugs (1 red, 1 black) 


3 metres of figure-8 shielded stereo cable 
2 50 x 30mm rectangles of blank PC board (see text) 


4 Nylon cable ties 


2 40mm lengths of 20mm wide Velcro hook strip 
2 350mm lengths of 20mm wide Velcro felt strip 
2 25mm lengths of 4mm diameter heatshrink sleeving 





The next step is to prepare the box 
‘earthing’ connection. 

This is done by passing a 9mm x 
M3 countersink-head machine screw 
through the single hole on the side of 
the box, close to the terminal pin on 
that side of the mounted PC board. 
Then to the inside of the screw fit a 


star lockwasher, a solder lug, another 
star lockwasher and finally an M3 
nut. The screw and nut should then 
be tightened up very firmly, so the 
solder lug becomes a good and reliable 
electrical connection to the box met- 
alwork. The lug is then connected to 
the nearby PC pin, using a short length 
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NOTE: ALL DIMENSIONS 
IN MILUMETRES 


CASE OUTSIDE DIMENSIONS 
92x119x35 INCLUDING UD 


HOLE DETAILS: 


A: 3.5mm diam (CSK] 
3.5mm diam 
12mm diam 
: 2.5mm diam 


Fig.4:; drilling 
details for the 
diecast aluminium 
box. The hole and 
cutout positions 
must be accurate 
to accommodate 
the PC board. 
Inset below: a pair 
of commercial 
ECG pads as 
supplied by First 
Aid Plus. These 
are self-adhesive 
and really, really 
stick! 





of tinned copper wire or a resistor 
lead offcut. Make sure both ends are 
soldered properly. 

Then mount slider switch S1 in the 
end of the box, using two M2 x 6mm 
screws and connect the centre and 
leftmost switch lugs to the PC pins 
immediately behind them, using short 
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lengths of tinned copper wire or resis- 
tor lead offcuts. 

Now plug your programmed PIC 
micro IC5 carefully into its socket up 
near the top of the board and then 
attach the box lid via the four screws 
provided. 

The final step is to apply the front 


43.25-—_———————s 


——————— 43 75 


panel to the bottom of the box, which 
then becomes the top. 

The artwork for the dress front panel 
is reproduced in this article, actual 
size (see Fig.5). 

It can be photocopied onto a sheet 
of A4 self-adhesive label paper and 
then covered with clear ‘Contact’ or 
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similar adhesive film, before being cut 
out along the outline border. Then the 
backing paper on the back of the label 
can be peeled off, allowing the dress 
panel to be stuck on the top of the 
Electrocardiograph box. The adhesive 
film covering will protect the panel 
from finger grease and ditt. 

If you want the colour version and 
don’t have access to a colour copier, 
the file can be downloaded from www. 
siliconchip.com.au and printed on a 
colour inkjet or similar, then applied 
as above. 

You might also want to fit four small 
adhesive rubber feet to the lid/base of 
the box, so it won’t scratch any surface 
it’s placed on. 


The electrodes: buy or make? 


It goes without saying that the best 
electrodes you can use with this device 
are those intended for the purpose. 
Unlike the adhesive electrode pads 
made for TENS machines, ECG pads 
are disposable items and are therefore 
relatively cheap (only a couple of dol- 
lars or so each) but like TENS pads, 
are fairly difficult to find and usually 
have high minimum order quantities 
(eg, 50 minimum). 

We’ve managed to track down one 
source from a first aid supplies com- 
pany in Sydney, First Aid Plus, who 
will sell them by mail order in small 
quantities — six pads for $10 includ- 
ing postage. 

ECG pads are almost always remov- 
able from their leads — they usually use 
a press-snap type of fitting. We suggest 
you obtain pads with the male snap on 
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them, as this gives you a convenient 
“nipple” on which to clip a small al- 
ligator connector. ` 

First Aid Plus will assume you want 
male snaps and supply those unless 
specifically asked for female. 

Contact First Aid Plus at PO Box 
37, Harbord, NSW 2096. (Phone 02 
9905 0155); website www.firstaidplus. 


If you don’t want to buy pads, or 
find it inconvenient, there is an alter- 
native “pad” or electrode which you 
can make yourself. It’s not as efficient 
nor convenient but once made, should 
last perhaps indefinitely. 

Its made from a small rectangular 
piece of blank PC board. The details 
are shown in Fig.7. 

Note that the shield braid wires of 
each lead are bent back away from the 
centre conductor and then insulated- 
with a sleeve of 4mm OD heatshrink 
sleeving so they can’t come into con- 
tact with either the centre wire or the 
human subject. 

Then the centre wire is passed 
through the small hole in the electrode 
and soldered to the copper under- 
neath, after which the end of the lead 
is firmly secured to the electrode using 
two small Nylon cable ties, each of 
which passes through one of the 3mm 
holes on the side. 

As you can see from the circuit of 
Fig.1, the electrode leads are made 
from shielded microphone cable. The 
two leads should be of equal length, 
to maintain the balance of the ECG 
Electrocardiograph’s input stage. 

The home-made electrodes are held 








As used in the ECG project in this issue 
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ion. | connectors, elntegrated Type-B USB connector. On-board unique serial 
tae eration, Low number in EEPROM and custom programmable FLASH microcontroller. 
ost USB Data 
I/O Module 































è Both USB enumeration information & microcontroller can be 
re- Peaiamimec & to ce customer needs. ¢Module powered by the 
USB from the P 
















USB MOD1- USB MOD2- USB MOD4 - MP3 MOD4 - 
USB Plug and Play USB Plug and RM USB oud and Hay Parallel © VS1001 chip. Converts 
Serial Development Parallel 8-Bit FIF Bit FIF clocked serial data 






(MP3) to stereo audio 


e 100k baud Beery 
© 300k baud (RS422/RS485) 


-Bi 

Module. Up to 920k baud Development Module. Development Module (2nd 
(AS 87 a and a baud Upto 8 Million bit {1 Gen). pa 8 Million bits out. Suitable for driving 

5485). Megabyte) per sec.  ({1Megabyte}) per second. headphones. | 


visit our web shop @ uus aol.com 


Elexol 
Ph: (07) 5574 3988 Fax: (07) 5574 3835 
(PO Box 5972, Bundall, Qid 4217) 
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against the subject’s skin with Velcro 
strips. A 40mm length of 20mm wide 
Velcro hook strip is attached to the top 
of each electrode using a small amount 
of epoxy adhesive (eg Araldite). 

One end of a 350mm length of the 
matching felt strap is attached to one 
half of the hook strip. The strap can 
be run around the subject’s forearm 
or ankle, pulled reasonably tight and 
then pressed into the ‘other half’ of 
the hook strip to hold the electrode 
in place. 

It’s very simple but it works surpris- 
ingly well. 

By the way, you need to make sure 
that the copper side of the electrodes is 
kept clean and bright, so it can form a 
good electrical contact with the skin. 

Fach time the electrodes are applied 
to a subject you also need to apply 


some conductive liquid or paste to’ 


both the electrode copper and the 
skin underneath — again to ensure a 
good contact. This normally applies 
to commercial pads too. 

A convenient liquid to use is sodium 
chloride or saline solution, which is 
available at low cost from most phar- 
macists. Just wet a small piece of cot- 
ton wool with this and use it to apply 
a fairly generous amount to both the 


li, 
RECEIVE 
TRIGGER 


electrode and the subject’s skin where 
it’s being placed. 


Installing the software 


As mentioned earlier, there are two 
pieces of software which need to be 
installed on your PC before it will be 
able to communicate with and control 
the Electrocardiograph. 

There’s the Elecrocardiograph con- 
trol program itself, written in Visual 
Basic 6, 

There’s also a special ‘USB virtual 
COM port driver’ which allows Win- 
dows and the control program to com- 
municate with the Electrocardiograph 
via its USB-MOD3 interface module 
and one of the PC’s USB ports. The 
VCP driver has been written by the 
makers of the main USB interface con- 
troller chip in the Elexol USB-MOD3 
module, an FT232BM device made 
by Scottish firm Future Technology 
Device International (FTDI). 

A copy of FTDI’s VCP driver will be 
available for downloading on the SILI- 
CON CHIP website (www.siliconchip. 
com.au). It’s also available directly 
from the FTDI website (www.ftdichip. 
com) and updated versions of it may 
be available there as well in the future. 
The actual driver file is included in the 


1 Hi r EJ ÂH! 1 T 7 
ae eee eee Paes SSR Ee Pee LPR RA Ree 
5g E | ni wl an 
al 
| | 
f + inte] Se ee ee eee eee eee F a 
| Ap Bp i i E Eg. I 


| | 
i 


ae it ELL | Í : | 
oP TERRE eee teee aan Stree See 
Wels ii 4 TIE EE AE | l i 

t i] i 


TOUT Ea MLSA TUH 
Tenn i 
li 


REE EA 





LOW "W HIGH 


download file (R9052154.ZIP) which 
also contains a PDF document explain- 
ing how to install and configure it. 

Basically the procedure is to down- 
load the ZIP file and unpack it using 
Winzip or PKUnzip onto a suitable 
subdirectory on your PC’s hard disk. 
Then when you first connect the 
hardware box up to your PC via a USB 
cable, and Windows comes up with 
its ‘Found New Hardware Wizard’ di- 
alog box, you direct the wizard to the 
subdirectory where the driver package 
was unpacked, and tell it to refer to the 
file FTDIBUS.INF. It will then install 
the VCP driver for you. 

After this is done it’s a good idea 
to open up the Device Manager panel 
to set the port settings. The method 
is different for different versions of 
Windows. As we mentioned before, 
Windows NT is a no-go, as is Win95 
(for the same reason). 

Under Windows 98SE, open Control 
Panel (-> System Properties -> Device 
Manager), where you’!] find a USB Se- 
rial Port device listed under USB High 
Speed Serial Converter. Select this port 
device, and click on Properties. 

Then under the Port Settings tab 
select 38,400 bits per second, 8 data 
bits, None for parity, 1 stop bit and 
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Fig.5, the full-size front panel, along with, along with Fig.6, the PC board pattern (also full size). If you don’t have access 
to a colour photocopier, download the panel from www.siliconchip.com.au and print it on a colour inkjet. 
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Xon/Xoff for flow control. 

Finally click on the Advanced 
button, and select COM5 as the port 
number. This forces the VCP driver to 
make its USB virtual COM port COM5, 
so there shouldn’t be any clashes with 
any existing COM ports. 

If you’re using XP, go to Control 
Panel, ->System -> Hardware ->De- 
vice Manager, -> Ports (COM & LPT) 
where you should find the “USB Serial 
Port” (probably set to COM4). Click 
on this and then “Port Settings” and 
proceed as per Win98 (including the 
Advanced tab). 

Now let’s turn to the Visual Basic 
control program for the USB Elec- 
trocardiograph. This is available for 
downloading from the SILICON CHIP 
website as a zipped-up installation 
package called ECGCONTR.ZIP. Inside 
this package are the CAB files for the 


program and its various support com- 


ponents and an installation program 
Setup.exe together with its ‘instruction 
sheet’ SETUP.LST. 

Download the package and unpack 
it on a TEMP directory. Then double- 
click on the Setup.exe file so that 
it installs everything, on a suitable 
subdirectory of your Program Files 
directory. If you wish you can also cre- 
ate a shortcut on your Desktop, called 
SILICON CHIP ECG or similar. The 
shortcut simply needs to be linked to 
the installed VB program itself, called 
ECGSampler.exe. 


Taking an ECG 


Apart from the gain - which is set to 
either LOW (2000) or HIGH (4000) us- 
ing slider switch S1, all other functions 
of the Electrocardiograph are control- 
led using the ECGSampler program. 
This is very easy to use because when 
you fire it up, it provides a GUI win- 
dow (see screen grab) which allows 
you to set the configuration or to start 
it taking an ECG recording and then 
displaying, saving and printing it. 

There are three drop-down menus 
at the top, with the labels ‘File’, ‘Set- 
tings’ and ‘About’. The first menu is 
for saving, reloading or printing LCG 
records, while the second is for chang- 
ing various USB port and settings: 
the virtual COM port, the COM port 
settings (bit rate, parity, stop bits etc.), 
the sampling rate (500, 1000 or 2000 
samples/second) and also for advising 
the software on which position the 
gain switch has been set (Low/2000 
or High/4000). 
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Fig.7 if you want 
to make your own 
electrodes (pads) 
here’s how to do it 
from a couple of 
scraps of PC board. 
The advantage — 
they’re dirt cheap. 
The disadvantage: 
they get dirty 
(tarnished) very 
easily and need to 
be cleaned before 
use. 


ALL DIMENSIONS JN MILUMETRES 
HOLE A: 1mm DIA. HOLES B: 3mm DIA. 


The third drop-down menu is 
merely to display a small dialog box 
showing the version number of the 
software itself. 

Once you have made sure that the 
software is set up correctly to suit the 
USB port and the Electrocardiograph, 
taking an ECG is then simply a matter 
of choosing which lead configuration 
you want, applying the electrodes to 
your subject (or yourself), and then 
clicking on the ‘Start Sampling’ but- 
ton on the left-hand side of the GUI 
window. 

A graphical ‘progress bar’ will then 
appear along the bottom of the GUI 
beneath the main display window, 
to show you the progress as the ECG 
samples are taken. 

When all of the 8192 samples are 
received back from the Electrocardio- 
graph, the progress bar will display 
again more briefly, as the ECG record 
is plotted in the display window. 

The display window is calibrated in 
terms of both ECG voltage.and time, 
as shown in the screen grab. The same 
calibrations are reproduced when the 
record is printed out, along with the 
date and time — and when you save the 
record to your hard disk (or a floppy), 
the calibration info is saved with it 
as well, 

So once you’ve taken an ECG record, 
it’s easy to work out such things as the 
subject’s current heart rate or other 
aspects of the ECG waveform. 


Lead configurations 


Finally, which lead configuration 
should you use, just to take a basic 
look at your own EGG or that of some- 
one else? 

We suggest you use the ‘Lead II’ limb 
configuration, with lead 1 connected 
to the subject’s left ankle and lead 2 
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CABLE TO RCA 
PLUG & ECG 
SAMPLER ———" 


connected to their right wrist or inside 
forearm. This usually gives the largest 
waveform amplitude, providing your 
electrode-skin connections are good. 
(See the diagram in the sidebar, “Your 
heart and its electrical activity.”) 

If you get weak waveforms with a 
relatively large amount of hum, this 
is usually a sign of poor electrode 
contact. So take them off, apply a bit 
more saline solution and try again. 
The exact positioning of the limb 
electrodes is not critical, as the limbs 
are really being used as convenient 
‘conductors’ joined to the four ‘cor- 
ners’ of the subject’s trunk. The main 
thing is to get the best possible contact 
to the skin. 

If you want to try some of the chest 
positions for the lead 1 electrode, the 
electrode positions are then fairly 
critical. 

You really need medical knowledge 
to know the right chest electrode posi- 
tions, so it’s best to leave these to the 
professionals. Note that when lead 1 is 
being used with a chest electrode, lead 
2 should be connected to electrodes in 
all three of the limb positions so that 
it provides a ‘whole body’ reference 
signal. 

So you'll need to make up at least 
two more electrodes, and connect these 
all in parallel —by connecting them to 
the Electrocardiograph’s CON2 input 
socket via leads of the same length as 
the original two electrode leads. 

If you really want to play around 
with all of the lead configurations, or 
you're a medico who wants to use the 
USB Electrocardiograph for serious 
diagnostic work, you might want to 
make up a set of nine electrodes and 
leads, plus a small switch box to allow 
you to select any of the standard lead 
configurations at will. SC 
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> TELESCOPE 


Reflecting telescope, includes 114mm objective lens, equatorial 
mount, Aluminium tripod, PL eyepieces ( Fémm, F10mm 

and F30mm ), 5 x 24 Finderscope, 2 x Barlow lens, right angle 
adaptor, moon filter. L 8258 
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AC/DC Mobile Cooler/Warmer 
Keeps food/drinks cool or warm, 15L capacity, 
12V/240V operated, cools down to 25°C below 
room temperature, warms up to 50°C. 

M 4502 
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| z | yr fa Posi-Lock Connector 
oN eno) ted ees ecm 
- Daa Multiple splice connections without 
Ber a te Sie the need for tools. This unique 
H2841 60 x 115 x 43mm $5.28 From E connector will not pull apart, vibrate 
tH 2840 «48x 95x 37mm $5.96 5528 Seems loose or melt down. Has a weather 
























W9oR42 7E x 13E x 40mm ¢7.87 — EAR resistant brass core, is high temperature 
H282 75x135x49mm $7.87 oh fear 


‘roves meini and chemical resistant and can be 
H 2843 95 x 160 x 61mm $8.92 





re-connected and reused over and 
| over again. H 6721 $ 50 
Also available 


10 Pk H 6729 $12. 95 















Posi-Twist eena 2 


20G to 26G 

For standard AC/DC 
in-line splices, 

no crimping or soldering 
required. H 6727 
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“~~ SLOT BOXES 


SE] 20s 100 x 50 x 40mm $2.98 From 
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Double Throw Horn Relay 






fig ins Tr H2870 55x55 x 42mm $5.10 $ 98 
i ~u H 2872 75x50x 27mm $5.66 Ideal for car/boat horn circuits, 
/ A H2878 125x60x40mm $7.49 alarms; T TONE fratge any 
B o ann 1AE u AEG Enam EALO application where hig $ 
Ş H2880 145 x 85 x 50mm $8.69 ore. ea te 96 
H2882 180x110x60mm . $11.87 switched. 12VDC 30A. 
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oe ie Hobby Relay 


Low cost relays suitable for a variety of 
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12V Battery Master Switch 
Heavy duty battery isolation switch 
with waterproof cover, ideal for 
motor-homes, caravans, cars, trucks, 


boats etc. P 7695 $4 467 











2.5mm 4-Conductor 3.5mm 
Metal Plug 4 4-Conductor Metal Plug 
2.5mm DC metal plug with N J 3.5mm DC metal plug with 














solder terminals and rear gee NA solder terminals and Auto/Boat Socket Relay 
spring cable support. „3% x rear Sas cable support. K- Relay Base for Auto/Boat relays, plug 
P1149 P 115 








ae k in base with cable 
TJ ¢ . ached, sui A 
$928 s $998 o | Ot 
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Gold Plated Gold Banana Plugs XLR 3 Pole Metal IDC Line Plug 

RCA Plugs r ee oe | iges the surety of a perfect connection. 
TE S Ox 9 RM 
eee acs, e o XLR 3 Pole B, Adian 
BLACK P 1437 Ppa LARIGA Metas DG Line p $ j 96 
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IDC (Insulation Displacement 


Connection) audio connector is the world’s first SAV = 
solderless connector of its type. P 1608 OVER 25% 






$292 















iro 2 Sati 100W Amplifier Module Kit 


= a š -— Bie You can use two of these ay x 
i i ae -= for stereo, giving a 
ER | massive 200W output. ge ae. Rh ce 


=f we | I io | Power output: T00W pt a 





into 422. Supplied 
ee ame ad re with all components, 
2 FCB, fuses and 


a E e ho aae =e transistor mounting Me 


e TETE 


bracket. K 3442 
LIMITED STOCK 
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ETI DEC '76 
riage 
| Alarm Kit 

Lab Power Supply 0-30V Lab Power Supply e nd 
2.5A with Digital Display 0-30V DC @5.0A when any light enters 
Laboratory grade linear power supply with 0-30V adjustable output with current up to the compartment area. 
0-30V adjustable output and an adjustable SA continuous at all selectable output voltages. | Alarm sounds if the 
continuous current from 0A to 2.5A at all Adjustable current limit control (O-5A), high and light is present for longer 
selectable output voltages. Features separate low current front panel terminals, thermostat than the preset period. 
voltage and current metering, overload controlled cooling fan and overload protection. | K 7216 
protection and high/low current front panel Q 1760 LIMITED STOCK 





terminals. Q 1770 LIMITED STOCK 
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displays power in 

watts, energy usage "I 
in kWh, measurement @ 
period in hours, energy 
cost in dollars and cents. % 
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19 Range Blackout detection 
Digital and Dower switching. K 7217 $ 
Multimeter He 0 
2000 count Jul '04 
LCD screen, 
hold button, í ve. 

93 ; eet = ~Cybug Power Plant Kit 
eee, low Test Leads with Alligator Clips ee —y =e aa Pia fil contintelly 
Q 1467 warning. Fully shrouded right-angle meter plugs, rotate, looking for the brightest 

















1.1 metre cables and a unique threaded light source it can find, much like 








1.5mm probe with 100mm 97 a natural flower rotates to face 
handle allowing you to the sun. Supplied with PCB, solar 
fit other tips. Q 1920 panels, motor, all components 


and hardware and instructions. 
K 3563 LIMITED STOCK 






| Don't just throw batteries out — test them 
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MeS Th Pr 














Batory 








> | Tester with | 
. | Carry Case DSE Digital Callipers 
Compact and These callipers feature a 4-digit LCD, 






| @asy-to-use 
)~ 15-range battery 
~ tester. Impact- 
=.= resistant case. 
4») 1001 


internal and external measuring jaw, 
depth measuring blade, metric/imperial 
conversion and zero setting. 


ane range Oie on AC Voltage Tester Screwdriver 
Great for checking switches, batteries, bulbs, LEDs 


and more., Q 1545 
$Q94 
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SCX Digital 
Slot Car System 


Compete with 3 cars simultaneously on a 


fa a —" two-lane track, allows you to change lanes. 
= Whi EET a Includes 3 cars, 3 hand controllers 
ie meee and digital lap counter. K 1277 
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mm AVAILABLE AT DICK SMITH ELECTRONICS, 
a) POWERHOUSE AND MAIL ORDER ONLY 














K'NEX Screamin Serpent Coaster 
Build an awesome replica of a steel roller coaster, 
full of twists, turns and loops! Realistic style, 
size, sounds and motorised $ 













action. K 1292 
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m 3.6V Cordless Heat and aaan ben ei 
ine i : quality soldering iron for general-purpose 
DSE) Screwdriver BSE Strip Tool Stud and Metal Finder soldering applications in the electronics area. 


Adjustable angle (straight Ideal for heatshrinking, 
or pistol grip), incl. chrome removing paint/vinyl tiles, 
vanadium bits. T 4831 loosening rusted/over-tightened 


} $998 wra $4 C87 


TALSE 


Locates joists, battens and rafters 
through walls. Detects cables, 
pipes or mains wiring. T 1990 


It comes with both a pointed and flat tip 


as standard, is mains eer. 87 | 
and is supplied complete 

with a mini soldering iron stand. $147 

T 2325 
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Pocket Soles System 
Includes a heavy-duty butane-powered soldering 











6 Piece Jawalan Screwdriver Set 32 Piece iron plus blowtorch, hot blower and hot knife tips | 
With both Phillips and flat-head screwdrivers. Super-H ard all in a handy storage case. 10 — 60W of power - 
Each has a free-running top and they come Security Bits M eee Se 
ceransparentidforeasy GAJ deal for heavy-duty -and 1200°C for blowtorch 

identification. T 4360 q applications. T4514 use. T 1374 SAVE ET 





Ga Weller 
DSE Helping Hands ere 
e g I CO Contact Butane Gas 


Ideal for woiking on PCBs. Filtered butane gas 














belo eh EN ae “ ‘ no Cleaner to suit butane-powered 
r gees -~ df ag =: This plastic safe torches and soldering 
z i =, te , ca i i 

ee fem j t area ne formula is a technically uy elle irons. The refill nozzle is 

stability, ~ vUN TALI proven, stable, inert dag E designed to fit Portasol™ 
digitor a magnifying glass, ‘L LE] ANE ANER high purity cleaning J butane powered 
4.5m Black plus alligator clips ‘"a=z=== solvent. 350g can. nr soldering irons. 200g 
PVC Tape eae pwe N 1072 z Ą|_ can. N1092 
é Pack. i i ry me i 
ae $948 working on it $098 © :1$1998 ; 
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QUELL S-i 
Smoke Alarm 


Loud 85dB alarm, test button, 
low battery warning alarm. L 5663 


| 4 gr 
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WATCHGUARD Wireless Alarm 


Includes 2 high security remote controls, 2 wireless 
PIR detectors, siren, backup battery, 10m of cable, 
control unit and power supply L 8048 


HELPS WHEN || =... 
PARKING VEHICLES || Z Kidd 


HANDY FOR | om K 


| Fire Extinguisher 









Sensor 


QUELL Ø: 


g e sa | | 900g Fire 
: ee! § Parking Sensor Extinguisher 
Bright LEDs change colour from Suitable for fighting 
green to amber to red according flammable liquids, petrol and 
to the distance of your vehicle electrical fires. Australian 
from the wall, easy to install. standards approved, easy-to- 
L 5669 read gauge, incl. plastic strap 
bracket, 6yr limited warranty. 
L 5672 


5245 |5199 
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PURE/AV 8-Way Is 










300W 12V DC olator Surge 
digitor to 240V AC Inverter Delivers clean, safe power to all your audio video 
NiCad/NiMh Allows srnaller mains products such as TVs, laptops, and digital entertainment components. M 7409 
' etc. to run froma 12V batte | AVAILABLE AT SELECTED l 
Battery $ F 98 (eg. car/boat battery) via He. $ a Sa PICK SMI ELECTRO E LTE $ 
Charger cigarette lighter socket. d 





ideal for camping, caravans; | sn 
motor-homes. M 5111 l SAVE *30 
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» Blue Acrylic PC Case | i 


Fig 8 OFC 
Fully assembled ATX PC Speaker Cable 
4 mid-tower case. Incl. 4 x 


Oxygen Free Copper cable. 
Conductors: 30 x 0.12mm 


W 2008 76: 
per mtr 


| OFC Speaker Cable 







vi illuminated 80mm fans, 

a $ j PC speaker, power switches, 
m mounting hardware and 
© 2x front USB ports 
A and audio jacks. Z 8502 

3 NB. PSU is not supplied 
(will require 3mm deeper 
screws to fit due to the 
thicker acrylic). 



















High conductivity, low loss 

Oxygen Free Copper cable. 

Lh Suitable for medium to 
£] high/medium power 

















Don't loose valuable PC information when the power 
cuts off unexpectedly. This UPS (Uninterruptible 
Power Supply) provides mains power during 

a blackout so you can save your files and shut down 
your PC =a 
safely. 


installations- 60 conductors 
+ | | x 0.12mm. W 2013 














Fig 8 OFC 


Speaker Cable 

High conductivity, very low 
loss Oxygen Free Copper 
cable with parallel fig 8 flex. 
Suitable for high/medium to 
high power installations- 
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high to very high power 
installations-315 conductors | 
x 0.12mm. W 2017 


$ per mtr 
SAVE 10% 


times. M 7347 


phone line. 
M 7800 


ki i 168 conductors x 0.12mm. 
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SEM Bug Kiler, pM S 
: p , LE JAL installation, 
24hr Timer Twin Pack SURGE SHIELD | at EERE -w bulb í Super Low Loss 
i Pap a) E l : i 
Automatically controls lamps and Power Adaptor -OEE hanging hook. OFC Speaker Cable 
appliances by switching them Surge protected paete- s B High conductivity, super low 
ONand OFF electrical =e ine loss OFC cable. Suitable for 
at pre-selected outlet and TL sd TI a i 
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Available in-store or through our 


Direct Sales Division 


Phone: 1300 366 644 (Local call charge). 
Fax: (02) 9642 9155. K 

Mail: DICK SMITH ELECTRONICS Jackson 
Direct Sales Reply Paid 500, PO Box 500, Workman's Board 


Regents Park DC NSW 2143 (No stamp required) 10m extension lead and 4-way power board, 
circuit breaker protected, lifetime warranty. M 7356 
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=- Want a compact amplifier to team with your 
Discman, MP3 player, games machine or 
whatever? This tiny stereo amplifier puts out 
a surprising amount of power, considering 
that it runs from a 16VAC 1.5A plugpack. 


OT ONLY IS THIS a gutsy little 

amplifier, it is an ideal learn- 
while-you-build-it project for high 
school and tech college students. It all 
fits onto a single largish PC board with 
no 240VAG mains voltages present 
— that’s taken care of by the 16VAC 
plugpack. 

The TwinTen has inputs for three 
stereo program sources such as CD 
player, MP3 player and FM/AM tuner 
and has front-panel LEDs to indicate 
which source has been selected. The 
other controls are Bass, Treble, Vol- 
ume and Balance. At the rear, there 
are RCA line inputs, binding posts 
for the speaker connections, a finned 
heatsink and a socket for the plugpack 
supply jack. 

As part of the final checking of this 
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amplifier, one of our staff members 
took it home for a blast on his large 
stereo system. His daughter was so 
impressed with the performance from 
such a tiny package that she wanted 
it straight away. We thought that was 
a pretty good endorsement. 

The reason why it packs such a 
punch is that it can deliver around 
17 watts music power per channel 
into 4-ohm loudspeakers. In a typical 
room with reasonably efficient speak- 
ers, that’s enough to blast you out of 
your seat. And did we say it’s tiny? 
It measures just 225mm wide, 40mm 
high and 165mm deep, including the 
knobs and rear heatsink. 

Its also pretty quiet and its other 
performance parameters are pretty 
good as well, considering that we have 
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kept a very tight rein on the overall 
cost of the design. 

One reason it performs so well is 
that it is based on the same National 
Semiconductor LM1875T 20W audio 
amplifier IC used in the Schoolies’ 
Amplifier, published in the December 
2004 issue. This IC has inbuilt thermal 
protection so that even if you abuse 
it or short out its output, it won’t be 
damaged. The power amplifier cir- 
cuits are very close to the Schoolies’ 
Amplifier circuit but inevitably there 
are component differences to provide 
different gain and so on. 


How it works 


As you can see from the circuit dia- 
gram, the amplifier is quite straightfor- 
ward. The left and right channels are 
identical, with an input preamp stage 
followed by a tone control stage and 
finally a power amplifier stage. We'll 
follow the signal path through the left 
(upper) channel in detail but the right 
(lower) channel is exactly the same. 

Source selector switch S1a allows 
the user to select input signals from 
any one of three sources. These are 
labelled CD, MP3 and TUNER but any 
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of these inputs can be used for line 
level audio signals from sources such 
as a DVD player, a MiniDisc player, 
games console or a VCR. 

From the switch, the selected sig- 
nal passes through a simple low-pass 
filter formed by a 2.7kQ resistor and 
680pF capacitor. This filters out any 
RF (radio frequency) signals or noise 
that may be present with the incoming 
audio signals, to prevent them from 
causing trouble. After this, the signals 
are applied directly to volume control 
potentiometer VR1a. 

From the wiper of VR1a, the signals 
pass through a 220nF coupling capaci- 
tor to the input of IC1a, which is one 
halfofa TLO72 dual FET-input op amp 
IC. IC1a is used as an input pream- 
plifier stage, with its voltage gain set 
to 3, using negative feedback provided 
by the 5.6kQ and 2.7kQ resistors. 

The amplified signals from IC1a’s 
pin 1 output are then fed to this chan- 
nel’s tone control stage, which is based 
on IC2a — half of a second TLO72 dual 
op amp. IG2a is connected in what is 
known as a Baxandall negative feed- 
back tone control circuit, where the 
Op amp’s negative input is connected 
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to the wipers of both the bass and 
treble control pots (VR2a and VR3a). 
As shown, the incoming signals from 
IC1a are fed to one end of each pot’s 
filter circuit, while the feedback sig- 
nals from IC2a’s output (pin 1) are 
connected to the other end of each 
filter circuit. 

As a result, when both VR2a and 


Bo Conn) 


Power Output 

Both channels driven into 8Q 
Both channels driven into 40 
One channel driven into 4Q 


IHF Burst Peak Output (Music Power) 


Both channels driven into 8Q 
Both channels driven into 4Q 


General 


Distortion at 1W continuous into 8Q..... 


Frequency response (-3dB points) 


signal-to-noise ratio @ 10W RMS into 4Q 


Input impedance, all channels 
Treble tone control range at 20kHz 
Bass tone control range at 50Hz 





Twinten Stereo Amplifier 





VR3a are set to the middle of their 
ranges, the tone control stage provides 
the same gain (ie, unity or 1) for signals 
of all audio frequencies. This gives the 
amplifier a flat frequency response. 
However, if VR2a is turned clock- 
wise (towards input preamp [C1a), the 
stage provides more gain for frequen- 
cies lower than about 500Hz, thus 


a act eee s.: 0.04% THD 


10Hz - 72kHz 


12kQ//600pF 
+11dB/-12dB 
+120B/-130B 
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Parts List -= Tinten Amplifier 


1 PC board, code 01102051, 215 
x 156mm 

1 low-profile ABS instrument case 
(225 x 165 x 40mm) with pre- 
punched front and rear panels 
(see text) 

t 16VAC 1.25A plugpack 

1 3-pole 3/4-position rotary switch 

2 M205 PC-mount fuse clips 

1 M205 2A slow-blow fuse 

1 finned heatsink, 84 x 24mm 
(Altronics H 0668) 

3 PC-mount dual RCA sockets 

1 PC-mount 2.5mm concentric 
power socket 

4 binding posts, 2 red & 2 black 

5 20mm skirted instrument knobs 

1 knob actuator, 40 x 30 x 2.5mm 
(see text) 

4 6G x 6mm self-tapping screws 

3 6G x 9mm self-tapping screws 

2 M3 x 16mm screws, nuts & flat 
washers 

2 TO-220 insulating washers and 
nylon bush sets 

1 small tube of heatsink 
compound 

1 300mm length of 0.7mm tinned 
copper wire 

1 200mm length figure-8 speaker 
cable 


Semiconductors 

2 TL072 dual op amps (IC1,IC2) 

2 LM1875T audio amplifiers (IC3, - 
IC4) 

2 12V 1W zener diodes (ZD1,ZD2) 


giving bass boost. On the other hand, if 
VR2a is turned anticlockwise (towards 
the output of IC2a), the stage provides 
lower gain for frequencies below 
500Hz, thereby giving bass cut. 

In the same way, VR3a can be used to 
give a variable amount of boost or cut 
to frequencies above 2kHz; ie, treble 
boost or cut. And as both of these tone 
controls are part of a negative feedback 
circuit connected around [C2a, the 
boost or cut action is achieved without 
causing any significant distortion or 
increase in signal noise level. 


Balance control 

The output signals from IC2a are 
then fed via a 4.7kQ series resistor 
and 1nF non-polarised (NP) capaci- 
tor to the positive input of IC3, which 
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1 3mm green LED (LED1) 

1 3mm red LED (LED2) 

1 3mm orange LED (LEDS) 
4 1N5404 3A diodes (D1-D4) 


Capacitors 

4 2200uF 25V electrolytic 

2 470uF 16V electrolytic 

4 220uF 25V electrolytic 

2 4.7uF 16V NP electrolytic 
2 1uF 16V NP electrolytic 

4 220nF 50V MKT polyester 
8 100nF 50V MKT polyester 
2 10nF 50V MKT polyester 
4 1.5nF 50V MKT polyester 
2 680pF 50V disc ceramic 

2 330pF 50V disc ceramic 

2 33pF 50V disc ceramic 


Resistors (0.25W 1%) 

2 270kQ 4 4.7kQ 
4 82kQ 4 2.7kQ 
2 56kQ 3 1kQ 

6 27kQ 2 470Q 
4 10kQ 2 1002 
2 5.6kQ 2 102 
22.72 


Potentiometers 

1 PC-mount 16mm dual 10kQ iog. 
pot (VR1) 

1 PC-mount 16mm dual 100kQ 
linear pot (VR2) 

1 PC-mount 16mm dual 50kQ 
linear pot (VR3) 

1 PC-mount 16mm 50kQ linear 
pot (VR4) 





is the power amplifier IC for the left 
channel. We’ll look at this in a moment 
but first note that one end of pot VR4 
(the Balance control) is connected to 
the junction of the 4.7kQ resistor and 
1uF NP capacitor. 

Because the moving wiper of VR4 is 
connected to ground, this means that 
the 4.7kQ resistor and the associated 
“half” of VR4 form a variable voltage 
divider, while the other “half” of VR4 
forms a similar voltage divider with 
the 4.7kQ resistor in the right channel. 
In addition, because the two dividers 
share VR4, their division ratios vary 
in opposite fashion; when the wiper 
is turned one way from the centre 
position, the gain is reduced in the 
left channel but increased in the right 
channel, and vice-versa. 


Fig.1 (right): the circuit consists of 
identical input preamp stages (IC1a 
& IC1ib), followed by a tone control 
stage (IC2a & IC2b) and finally power 
amplifier stages IC3 & IC4. Switch S1 
selects the input signal, with LEDs1-3 
indicating the selected signal source. 


So VR4 provides a “see-saw” or 
differential adjustment of the gain in 
the two channels, allowing them to be 
matched or balanced (to compensate 
for any difference in the incoming 
signal levels). 


Power amplifier IC 


IG3 is an LM1875 power amplifier 
IC, which comes in a TO-220 package 
with five connection leads and a metal 
tab for connection to a heatsink. It’s 
connected as a basic amplifier stage, 
with a voltage gain of about 18 times, 
as set by the 82kQ and 4.7kQ negative 
feedback resistors (ie, 1 + 82k/4.7k). 

The 4.7uF capacitor in series with 
the 4.7kQ resistor is used to give the 
amplifier full DC negative feedback, 
for maximum thermal stability. In ad- 
dition, the series 220nF capacitor and 
2.7Q resistor connected between IC3’s 


output and ground form a Zobel filter 


network, to ensure that the amplifier is 
stable at high frequencies with varying 
loudspeaker loads, 


Power supply 


Both IC3 and IC4 operate from dual 
supply rails of +22V DC. This gives a 
total DC supply of 44V — necessary for 
the power amplifier stages to develop 
the power we want into 8Q loudspeak- 
ers, with low distortion. 

We generate the +22V and -22V sup- 
ply rails from the external plugpack’s 
supply voltage of 16VAC using four 
half-wave rectifier circuits, one each 
for the positive and negative rails for 
1C3 and IC4. Each rectifier circuit uses 
a single 1N5404 diode and a 2200uF 
reservoir capacitor and they’re all 
kept separate to minimise crosstalk 
between the two channels. 

The input preamp and tone control 
stages around IG1 and IG2 don’t need 
to operate from the same high voltage 
rails, because the signals they handle 
are at a much lower level. IC1 and IC2 
are therefore operated from +12V and 
-12V rails, derived from one of each 
pair of high voltage rails using 470Q 
series resistors and 12V zener diodes 
ZD1 and ZD2. There’s also a 470UF 
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AUDIO PRECISION SCFREQRE AMPL(dBr) vs FREQ(Hz) 


Fig.2: a frequency response curves for the left and right 
channels of the amplifier. The response is 3dB down at 


10Hz and 72kHz. 


capacitor across each zener diode for 
added filtering and decoupling, while 
the supply lines to ICi are also given 
a small amount of extra decoupling 
via the 100Q resistors and 100nF 
capacitors. 

Finally, note that the selector switch 
has three poles. Two of these (Sla & 
Sib) select the input signals for the 
left and right channels as described 
previously, while the third (S1c) pole 
is used to switch about 10mA DC to 
one of three LEDs, to show which input 
source has been selected. The LEDs 
have different colours, so they’re easily 
identified from a distance. 


Construction 


The new amplifier is very easy to 
build, with all components apart from 
the four loudspeaker terminals mount- 
ing directly on a single PC board. This 
board is coded 01102051 and measures 
215 x 156mm. It’s designed to fit inside 
a low-profile plastic instrument case 
measuring 225 x 165 x 40mm. 

The box is fitted with a rear panel 
cut from 2mm thick sheet aluminium 
which acts as the heatsink for the two 
output amplifier ICs (IC3 and IC4). 
However, by itself, the heatsinking 
provided by the rear panel is insuf- 
ficient. Therefore, an external finned 
heatsink is bolted to the rear panel, 
to help keep the power amplifier ICs 
cool. 

As shown in the photos, the front 
panel on the prototype was also made 
from aluminium but a standard plastic 
panel could also be used. 

To reduce off-board wiring to a 
minimum, we have mounted input 
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AUDIO PRECISION SCTHD-HZ THD+N(%) vs FREQ(Hz) 
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ee this plot shows how the noise and ister fan 
varies with frequency for a power output of 1W into 8Q. 


It’s better than .05% from 20Hz to 20kHz. 


selector switch S14 directly on the PC 
board with its control spindle verti- 
cal. The only complication arising 
from this is that you need to convert 
a standard 20mm knob into a custom 
side actuator lever knob, to allow the 
switch to be operated via a lever which 
emerges through a matching slot in the 
front panel. It’s not hard to make this 
special knob, as we shall see later. 


Board assembly 


Before installing any of the parts, 
it’s a good idea to carefully inspect 
the copper side of the PC board for 
manufacturing defects. In particular, 
make sure that there are no bridges 
between pads or tracks or breaks in 
the tracks and make sure that all the 
holes have been drilled. 

If everything checks out OK, you’re 
ready to start the assembly. Fig.6 
shows where all the parts go. 

Begin by fitting the six wire links 
to the board, followed by the resistors 
and the MKT and ceramic capacitors. 
Table 2 shows the resistor colour 
codes, although it’s a good idea to 
also check each value using a digital 
multimeter before it is installed on 
the board. That’s because some of the 
colours can be difficult to read. 

Next, instal! the four rectifier diodes 
(D1-D4), zener diodes ZD1 & ZD2 and 
the two TL072 ICs (IC1 & IC2). These 
parts are all polarised so make sure 
they go in the right way around. 

By the way, don’t fit the rectifier 
diodes with their bodies right down 
against the board — instead, mount 
them so that each diode body is about 
4mm above the board. This provides 


better ventilation and also reduces 
any interference coupling to the sig- 
nal track which passes underneath 
them. 

That done, fit the electrolytic ca- 
pacitors, again taking care to ensure 
that they go in with the correct polar- 
ity. The only exceptions here are the 
1uF and 4.7uF electrolytic capacitors 
which are non-polarised. 

It’s now simply a matter of com- 
pleting the board assembly by fitting 
the large hardware items. These parts 
include the DC power socket, the 
three dual RCA connectors and the 
control pots. 

Before fitting the control pots, you 
will probably need to shorten their 
spindles, so that the knobs sit close 
to the front panel when the amplifier 
is finally assembled. This job can be 
done using a small hacksaw — cut 
each spindle at a point 9mm from the 
threaded bush and remove any burrs 
with a small file. 

Each pot mounts directly on the PC 
board. Be sure to fit each dual pot (VR1, 
VR2 & VR3) in its correct position, as 
they all have different values. Each 
pot should be pushed down onto the 
board as far as it will go before solder- 
ing its pins. 

Once all four pots have been mount- 
ed on the board, cut a 160mm length 
of 0.7mm tinned copper wire and pass 
one end down through the small hole 
in the left front corner of the board just 
to the left of VR4. Solder it to the cop- 
per underneath, then run the free end 
across the top ofall four pots (see Fig.6 
and photo). It’s then soldered to the 
metal body of each pot, to make sure 
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AUDIO PRECISION SCTHD-W THDEN(%) va measured LEVEL(W) 






























Fig.4: THD + noise vs. output power into 4Q. The right 
channel (red) has higher distortion at the lower power 
levels due to noise from the power supply circuitry. 


that all four (and also the metal front 
panel, when it’s fitted) are connected 
to the amplifier’s signal earth, 

Note that you will need to scrape 
away a small area of the anodising 
on each pot body using sandpaper, to 
ensure that the solder properly bonds 
to the metal. 

The rotary switch is fitted next but 
this also needs its spindle cut short. 
In this case, cut the spindle at a point 
just 6mm from the threaded bush 
and again remove any burrs using a 
small file. 

There’s another operation to be 
performed on the switch before it’s 
mounted. This is to make sure that it 
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is set for only three positions. 

This is done by first unscrewing the 
mounting nut and removing the star 
lockwasher underneath. That done, 
prise up the switch’s stop washer and 
turn the switch spindle anticlockwise 
with your fingers until it won’t turn 
any further. After this, refit the stop 
washer with its cranked locating pin 
passing down into the second hole 
from the anticlockwise end of the 
series moulded into the switch body 
(the hole between the moulded “3” 
and “4”), 

Finally, refit the star lockwasher and 
nut, threading the nut down against 
the star lockwasher just hard enough 
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Fig.5: THD + noise vs. output power into 8Q loads. Once 
again, the right channel is worse due to power supply 
noise but it’s still generally substantially less than 0.1%. 


to fasten everything in place. If you 
now try turning the switch spindle by 
hand, you should find that it has only 
three positions. 

The switch can now be fitted'to the 
PC board. It must be orientated so that 
the round spigot moulded into the 
top/front of its body is directly behind 
the spindle, as indicated in the wiring 
diagram (Fig.6). The pins on the rear of 
the switch can then be pushed down 
through the corresponding holes in the 
board, until the moulded black lugs 
that hold the switch body together 
are resting on the board. Finally, the 
pins can all be soldered to the copper 
pads. 


The rear panel carries three pairs of RCA input sockets (Tuner, MP3 & CD), the heatsink, and the left and right channel 
speaker terminals. There’s also an access hole for the power socket. 
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7 
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The three source indicator LEDs can 
now be installed. These mount verti- 
cally at the very front of the board, 
immediately in front of rotary switch 
$1. All three are orientated so the flat 
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on the side of the body is towards the 
right. 

First, solder their leads to the pads 
underneath so the underside of each 
LED’s body is just 12mm above the 


IN sal 


Fig.6: install the parts on the PC board as shown here but refer to the text before mounting the audio amplifier ICs (IC3 & IC4) and switch S1. 


board. After that, it’s just a matter of 
bending each pair of leads forward 
by 90° at a point 3mm below the LED 
body, so that the LEDs will later pro- 
trude through the matching holes in 
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This is the view inside the completed unit. Take care to ensure that all polarised 
parts are correctly oriented — ie, the ICs, LEDs, diodes, zener diodes and the 


electrolytic capacitors. 


the front panel of the amplifier. 

At this stage, the PC board assembly 
should be complete except for the two 
LM1875 audio output amplifiers (IC3 
and IC4). Don’t install these yet — that 
step comes later, after they have been 
bolted to the rear panel. 


Side actuator knob 


With the board assembly now com- 
plete, you can make the special side 
actuator knob for the selector switch. 

This is made by first modifying a 
standard knob by cutting off its top 
and bottom. This is then fitted with an 
actuator lever cut from a small piece 
of 3mm Perspex or acrylic sheet (the 
accompanying diagram gives you a 
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template). The two are then cemented 
together using epoxy adhesive. 

First, cut out the actuator paddle 
from a small piece of 3mm-thick Pers- 
pex using a hacksaw and then smooth 
it all around using a small file. Lightly 
sand one side as well using fine garnet 
paper, so it has a matt surface. 

Next, cut off the top and bottom of 
a 20mm skirted knob at the positions 
marked in Fig.7. This should leave 
only the knob section immediately 
around the brass insert. Its a good 
idea to smooth both cut surfaces (top 
and bottom) with fine garnet paper, so 
they’re flat and free from burrs. 

Finally, mix up a small amount of 
Araldite (or similar) epoxy adhesive 


and cement the lower surface of the 
knob to the matt surface of the Perspex 
actuator paddle. This should be done 
with the knob positioned as close as 
possible to the centre of the round 
hole in the paddle and with the knob 
orientated so its grub-screw hole is 
pointing at “12 o’clock” when the 
paddle arm is positioned at “5 o’clock” 
— see Fig.7. 

Make sure that you have a layer 
of epoxy adhesive between the two 
surfaces, as well as a fillet all around 
the lower circumference of the knob. 
The assembly should then be left un- 
touched for 24 hours so the adhesive 
can cure. 

Once it has cured, attach the side 
actuator knob to the rotary switch by 
pushing it down onto the spindle as 
far as it will go. Check that the grub- 
screw is in the centre of the spindle’s 
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How To Make The Switch Actuator 


KNOB AUGNED 
WITH SLUG HOLE 
AT 12-O'CLOCK 


CUT 5.5mm FROM 
TOP OF KNOB 


CUT 3.5mm FROM 
BOTTOM OF KNOB 


ACTUATOR OO 
(3mm PERSPEX) 


KNOB CUTTING 
DETAILS 


| 
Epoxy |! 
CEMENT LE 


NODE PED 
TASEK 


Fig.7: follow this diagram to make the side actuator knob. The actuator 
paddle is made from 3mm-thick Perspex and must be glued to the 
modified knob exactly as shown in the diagram at right - ie, in the 5 


o’clock position. 


flat, then tighten the grub-screw using 


an Allen key and move the actuator 


lever to the centre position. 


Preparing the case 
The next step is to remove 12 of 


lablewi:iCapacitomCodes 


uF Code EIA Code IEC Code 
220nF 0.22uF 224 220n 
100nF 0.1uF 104 100n 
10nF 0.01uF 103 10n 
1.5nF .0015uF 152 1n5 
680pF NA 680 680p 
330pF NA 330 330p 
33pF NA 33 33p 


| Value 
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the integral mounting pillars in the 
bottom of the case, so that they don’t 
foul the PC board assembly. Leave 
only the four pillars that line up with 
the corner mounting holes in the PC 
board itself. 

You can use an oversize drill to 
remove the unwanted pillars. 


Drilling the panels 

If you buy a complete kit of parts, 
you won't have to worry about this 
next step — the panels will come pre- 
cut, drilled and screen printed. 

Alternatively, if you’re building the 
amplifier from scratch, you’ll have to 
first cut the front and rear panels to 
size (219 x 34.5mm) from 2mm sheet 
aluminium. That done, you can drill 


4-Band Code (1%) 

red violet yellow brown 
grey red orange brown 
green blue orange brown 
red violet orange brown 
brown black orange brown 
green blue red brown 
yellow violet red brown 
red violet red brown 
brown black red brown 
yellow violet brown brown 
brown black brown brown 
brown black black brown 
red violet gold brown 


the various holes in each panel, using 
a photocopy of the panel artworks as 
a template. 

The small rectangular slot in the 
front panel for the input switch pad- 
dle is best cut by drilling a row of 
2.5mm holes fairly close together and 
then opening them into the slot using 
jeweller’s needle files. 

The larger round holes for the input 
sockets arid the control pot spindles 
are best made by first drilling a small 
hole in the centre of each position. It’s 
then simply a matter of opening each 
hole out to the correct diameter using 
a hand-held tapered reamer. Finally, 
remove any burrs from the holes using 
a countersink bit. 

Once both panels have been pre- 
pared, you can prepare dress labels 
by photocopying the artworks onto 
adhesive-backed A4 label paper. The 
stickers can then be given a protective 
coating using wide clear cellulose 
packaging tape, before cutting them 
to size. After that, you just peel of the 
backing, carefully affix each one to its 
panel and cut out the various holes 
using a sharp hobby knife. 


Front & rear panel assembly 


Now for the rear panel assembly. Be- 
gin by installing the four binding posts 
used for the loudspeaker terminals 
(red to the top, black to the bottom), 
then slide the rear panel into position 
in the bottom half of the case. That 
done, slip the front panel over the pot 
shafts, LEDs and switch actuator and 
slide this assembly into the case. 

The PC board can now be temporar- 
ily secured by installing four 6G x 6mm 
screws at the corner positions. Follow 


5-Band Code (1%) 

red violet black orange brown 
grey red black red brown 

green blue black red brown 

red violet black red brown 
brown black black red brown 
green blue black brown brown 
yellow violet black brown brown 
red violet black brown brown 
brown black black brown brown 
yellow violet black black brown 
brown black black black brown 
brown black black gold brown 
red violet black silver brown 
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Above and right: 


"i these two close-up 
A views clearly show | 
= the construction of the 
| side actuator knob. | 
z Note that it’s vital 
wr- to glue the actuator 
E paddle to the knob in 
=| the correct position; 
<i ie, with the arm at 5 


o’clock to the grub 
screw — see text and 
Fig.7. 





this by fastening the three dual RCA connectors to the rear 
panel using three 6G x 9mm screws, then secure the pots 
to the front panel using the supplied nuts and washers. 

You are now ready to bolt the two LM1875 audio output 
devices (1C3 & IC4) to the rear panel, along with the finned 
heatsink. Fig.9 shows the mounting details. 

First, check that the area around the mounting holes is 
smooth and free of any burrs. That done, apply thermal 
grease to the various mating surfaces (see Fig.9), then slip 
the two LM1875 devices into position on the PC board. | 

Finally, bolt them to the rear panel along with the | T 
heatsink using two M3 x 16mm screws. NOJITIS 

Don’t leave out the insulating bushes that go through 
the device tabs and make sure that the mica washers are — - 
properly aligned before tightening the mounting screws. Fig.8: these full-size artworks can be photocopied 

Tighten both mounting screws so that the tab of each and used as drilling templates for the front and rear 
IC is clamped flat against its mica washer and the rear panels, if necessary. They can also be copied onto 
panel. Once that’s been done, set your multimeter to a adhesive-back paper and used to make the final 
low ohms range and use it to confirm that the device tabs (ress paneis =se text: 
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Rear Panel & Heatsink Assembly 


REW 5 
III — 


HEATSINK 


SMEAR THE FOLLOWING SURFACES WITH 


A THIN FILM OF HEATSINK COMPOUND: 
*REAR (METAL FACE) OF LM1875s 
“BOTH SIDES OF MICA WASHERS 
“ENTIRE REAR SURFACE OF HEATSINK 
“AREAS OF REAR PANEL WHICH WILL 


MICA WASHER 


yan BUSH 


C3 AND IC4 
(LM1875) 


REAR PANEL 
2mm THICK 
UMINIUM} 


CONTACT THE HEATSINK & MICA WASHERS 


Fig.9: follow this diagram to mount the heatsink and audio amplifier ICs 
(IC3 & IC4) on the rear panel. Note that the amplifier tabs must be isolated 
from the panel metalwork using mica washers and insulating bushes. 


are indeed electrically isolated from 
the rear panel. If either device tab 
shows a short to the rear panel, the 
assembly must be dismantled and the 
fault located. 

Assuming everything is OK, remove 
the PC board and panel assembly from 
the case and solder the pins of each 
LM1875 device. The internal wiring 
can now be completed by running 
figure-8 speaker cable between the 
loudspeaker terminals and the PC 
board. 

Finally, refit the assembly to the 





case and fit the knobs to the pot 
spindles. You are now ready for the 
smoke test. 


Checkout time 


OK — connect a 16VAC plugpack to 
the input socket and apply power. If 
all is well, the centre red LED on the 
front panel should light (assuming 
the Source switch is in that position). 
The other two LEDs should light when 
the switch actuator is moved to their 
respective positions. 

If the LEDs do light correctly, the 


BLL PAGE <5 
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Mail order prices: 
Aust: $A22.50 (incl. GST & P&P) 
Overseas: $A26.00 via airmail 
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development 


@ Learn how engine management systems work 


® Build projects to control nitrous, fuel injection and turbo boost systems 


@ Switch devices on and off on the basis of signal frequency, temperature and 
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© Build test instruments to check fuel injector duty cycle, fuel mixture and brake 
and coolant temperatures 


Available from selected newsagents 


Or order by phoning (02) 9979 5644 & quoting your credit card number; 
or fax the details to (02) 9979 6503; or mail your order with cheque or 
credit card details to Silicon Chip Publications, PO Box 139, Collaroy, 
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supply voltages are probably OK. 
However, if you’d like to make sure, 
you can check the DC supply voltages 
using a multimeter. The simplest way 
to do this is to connect one lead of the 
multimeter to the tinned copper wire 
that connects the bodies of the control 
pots and then use the other lead to 
touch various supply voltage points. 

As a guide, several convenient 
voltage test points are marked on the 
PC board overlay diagram (Fig.6). For 
example, near the ends of the two 470Q 
resistors near the centre of the board, 
you should be able to measure -22V, 
+22V, -12V, and +12V as shown. 

Similarly, you should be able to 
measure -22V on the anode of diode 
D3 and +22V on the cathode of diode 
D1. 

If all of these voltages measure 
correctly (ie, within +0.5V), your am- 
plifier is probably working correctly. 
To confirm this, switch off, connect 
suitable loudspeakers and connect 
a suitable audio source (eg, a CD 
player or AM/FM tuner) to a pair of 
input sockets. Finally, apply power 
and check that the unit is working 
properly by varying all the front-panel 
controls. 

All that remains now is to finish 
the assembly by fitting the top half of 
the case and fastening it all together 
using the four 25mm-long M3 machine 
screws provided. 

Your new TwinTen Stereo Amplifier 
is now ready for use. Happy listen- 
ing! SC 
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Interesting circuit ideas which we have checked but not built and tested. Contributions from 
readers are welcome and will be paid for at standard rates. 


Laser guided 
parking 
Most people have a reasonably 


small garage and it is most annoy- 
ing when the car is left just far 


enough in to close the door but not 


far enough to squeeze past without 
knocking off your kneecaps! 

There are lots of gizmos out there 
to help with parking in tight spaces 
but all are expensive. This unit 
works well and costs peanuts! All 
up, it shouldn’t set you back more 
than about $10 and will let you park 
the car within 1mm in both axes. 

The main working part is a low- 
cost laser pointer and a simple timer 
circuit. The laser starts operating 
when the remote-controlled garage 
door opens and then stays on for 
about three minutes after the door 
is closed. If your garage door lacks 
a remote controller then a limit 
switch can be used to control the 
circuit when the door is opened 
manually. 

The circuit operation is straight- 
forward. An existing door controller 
or a 9-12V DC plugpack can power 
the circuit. A 3-terminal regula- 
tor (REG1) reduces this to +5V to 
power the electronics in the laser 


‘module. 


The anode of diode D1 is con- 
nected to the positive side of the 
motor circuit or a manual limit 
switch ($1), so that the gate of Mos- 
fet Q1 is pulled high when the door 





As you Can see, we pay good money for 
each of the “Circuit Notebook” contri- 
butions published in SILICON CHIP. But 
now there’s an even better reason to 
send in your circuit idea: each month, 
the best contribution published will win 
a superb Peak Atlas LCR Meter valued at 


$195.00. 


So don’t keep that brilliant circuit se- 
cret any more: send it to SILICON CHIP 


and you could be a winner! 
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~ SWITCHED LOW-VOLTAGE 


+ 
TO CONSTANT 
LOW-VOLTAGE 
SUPPLY (>7V) 
ON DOOR 
CONTROLLER 


= = 


TO POSITIVE SIDE OF 


MOTOR OR LIGHT CIRCUIT 
ON DOOR CONTROLLER 





begins to open. This switches on the 
Mosfet and powers the laser. 

A 100pF capacitor in the gate cir- 
cuit holds Q1 on for a short period 
after the motor stops or the switch 
opens, giving plenty of time for 
parking. The desired “hold on” time 
is adjustable with trimpot VR1. 

The laser is mounted inside an 
adjustable light fitting scavenged 
from a floodlight. After removing 
the redundant light and socket, it 
is fixed to the ceiling of the garage 








"UMIT SWITCH FOR MANUAL DOOR 
IF THERE IS NO CONTROLLER 





at a location that will allow it to be 
aimed at the dash of the vehicle. 

To set up the system, first park 
the car in the optimum position and 
then aim the laser at a fixed point 
on the dash. I chose a position just 
behind the steering wheel where 
the dash begins. 

The car is then moved away and 
the point at which the laser hits 
the concrete floor is clearly marked 
with a bullseye about 100mm in 
diameter. A permanent marker or 
paint is best used for the job. The 
result must be visible from inside 
the vehicle and provides assurance 
that the laser has not moved since 
you left home (kids can do amazing 


_ things with balls and such!) 


Now as you drive into the garage, 
the point of laser light can be seen 
immediately, moving progressively 
up the car's bonnet and (hopefully) 
through the windscreen and onto 
the exact spot on your dash! 

Ron Russo, 

Kirwan, Qld. ($50) 
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Novel white 


LED torch 


Although this design is reproduced 
directly from the manufacturer’s da- 
tasheets, its use in this application is 
rather novel. Originally intended for 
high-visibility LED bargraph readouts, 
here the LM3914 is used as the basis of 
a 10-step variable brightness current- 
regulated white LED torch! 

The circuit has only four compo- 
nents in the control and regulation 
circuit: R1, R2, VR1 and the LM3914. 
The circuit can be built directly on 
the pins of the LM3914 to produce 
a package not much bigger than the 
LM3914 itself. 

The LM3914 is set to operate in bar- 
graph mode so that the LEDs light pro- 
gressively as its input signal increases. 
This signal comes from the wiper of 
VR1, which provides a variable voltage 
between OV and the supply voltage to 
pin 5 of the LM3914. 

The internal resistor ladder network 
of the LM3914 has its low end (pin 
4) connected to ground and the high 
end (pin 6) connected to the supply 
voltage via R2. The purpose of R2 is 
to give LED 10 a clear turn-on zone. 
Resistor R1 (620Q) on pin 7 of IC1 


Electronic thermostat 
for plug-in heaters 


Most room heaters with a tem- 
perature control work by control- 
ling the duty cycle of the heater, 
which in turn controls the energy 
output. However, without tempera- 
ture feedback, it’s up to the user to 
continually adjust the heater or 
maximum comfort. 

A plug-in thermostat would seem 
to be the simplest add-on solution. 
However, these are not commonly 
available, hence the impetus for 
this project idea. It is based on a 
battery-operated thermostat from 
Jaycar and a plug-in electronic 
timer switch of the type typically 
available from hardware stores and 
supermarkets. 

The need for an electronic timer 
switch is twofold. First, it contains 
a mains-rated relay that can be used 
to switch the maximum allowable 
load current (ie, 10A). And second, 
it also contains a timer and this can 
be used in addition to the thermo- 
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sets the current through each LED to 
about 20mA. 

As VR1 is rotated from the OV posi- 
tion (all LEDs off) to the supply voltage 
position (all LEDs on), the LEDs will 
progressively light. With all LEDs off, 
the circuit will draw about 5mA. With 
all LEDs illuminated, it will draw 
about 205mA and dissipate 307mW 
with a 4.5V supply. 

(Editors note: these are nominal 
figures only. Actual device dissipation 
will depend entirely on the input volt- 
age and LED forward voltage. 


THERMOSTAT MODULE 
JAYCAR QT-7200 


static function if desired. 

All that is required is to (care- 
fully) determine the control voltage 
for the relay in the timer, find a 
supply source for this voltage in the 
timer circuit and use the thermostat 
to control the timer relay from this 
source. Alternatively, if the timer 
still works, the thermostat could 
just be wired in series with the timer 
relay coil. 

As shown in the accompanying 
diagram, two wires connect the 
thermostat to the timer circuit. It can 
be hard-wired with the thermostat 
mounted permanently to the timer 
or connected with a longer wire 
and plug/socket at the timer. This 
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In use, we recommend that a resis- 
tor (R3) be inserted in series with the 
positive supply, chosen so that the 
LM3914’s dissipation is limited to 
about 500mW. Typically, this would be 
needed for supply voltages of 6V and 
higher. The inclusion of the resistor ne- 
cessitates a 10uF decoupling capacitor 
across the supply rails.) 

By carefully selecting the LEDs, this 
torch can be as bright as 15,0000mCd 
while costing less than $20. 

Mick Stuart, 

Lambton, NSW. ($30) 


would allow the thermostat to be 
mounted separately to better sense 
room temperature. 

If the timer control signal to the 
timer relay is cut, the timer is disa- 
bled. Alternatively, the timer could 
be used in series with the thermostat 
(eg, the thermostat controls a heater 
under the control of the timer). A 
socket mounted in the timer will 
allow the timer to be used without 
the thermostat and the thermostat 
can be plugged in when required. 

In practice, the thermostat does 
quite a good job of controlling room 
temperature. 

Ian Hood, 

Woden, ACT. ($30) 
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These binders will protect your 
copies of SILICON CHIP. They 
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IC1: 40106B 
IC2: 4027B 


CONNECT ANALOG & DIGITAL GROUNDS TOGETHER HERE 








ESR & low 
resistance 


test meter 


As electrolytic capacitors 
age, their internal resistance, also 
known as “equivalent series resist- | 
ance” (ESR), gradually increases. This can eventually 
lead to equipment failure. Using this design, you can 
measure the ESR of suspect capacitors as well as other 
small resistances. 

Basically, the circuit generates a low-voltage 
100kHz test signal, which is applied to the capaci- 
tor via a pair of probes. An op amp then amplifies 
the voltage dropped across the capacitor’s series 
resistance and this can be displayed on a standard 
multimeter. 

In more detail, inverter IC1d is configured as a 
200kHz oscillator. Its output drives a 4027 J-K flipflop, 
which divides the oscillator signal in half to ensure 
an equal mark/space ratio. 

Two elements of a 4066 quad bilateral switch (IC3c 
& ICG3d) are alternately switched on by the comple- 
mentary outputs of the J-K flipflop. One switch input 
(pin 11) is connected to +5V, whereas the other (pin 
8) is connected to -5V. The outputs (pins 9 & 10) of 
these two switches are connected together, with the 
result being a +5V 100kHz square wave. 

Series resistance is included to current-limit the 
signal before it is applied to the capacitor under test 
via a pair of test probes. Diodes D1 and D2 limit the 
signal swing and protect the 4066 outputs in case the 
capacitor is charged. 

A second pair of leads sense the signal developed 
across the probe tips. Once again, the signal is lim- 
ited by diodes (D3 & D4) before begin applied to the 
remaining two inputs of the 4066 switch (pins 2 & 3 
of IC3a & IC3b). These switches direct alternate half 
cycles to two 1uF capacitors, removing most of the 
AG component of the signal and providing a simple 
“sample and hold” mechanism. 

The 1pF capacitors charge to a DC level that is 
proportional to the test capacitor’s ESR. This is dif- 
ferentially amplified by op amp IC4 so that it can 
be displayed on a digital multimeter — 10Q will be 
represented by 100mV, 1Q by 10mYV, etc. 

To calibrate the circuit, first adjust VR1 to obtain 
100kHz at TP3. Next, momentarily short the test 
probes together and adjust VR4 for OmV at pin 6 of 
IC4. 

That done, set your meter to read milliamps and 
connect it between TP4 and the negative (-} DMM 
output. Apply -5V to TP2 and note the current flow, 
which should be around 2.1mA. Transfer the -5V from 
TP2 to TP1 and adjust VR2 until the same current 
(ignore sign) is obtained. Remove the -5V from TP1. 

Again, set to your meter to read volts and connect 
it to the DMM outputs. Apply the probes to a 10Q 
resistor and adjust VR3 for a reading of 100mV. 

Finally, ensure that all capacitors to be tested 
are always fully discharged before connecting the 
probes. 

Len Cox, 

Forest Hill, Vic. 
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Tektronix TPS2000 - 
~The New Isolated 
Channel Battery 
Operated Scope. 








Do you face these Power 
Measurement Challenges? 


e Make multi-channel floating 
measurements 

e Measure current and voltage 
distortion and their spectral content 

| « Measure harmonics, instantaneous 
power, power factor, switching loss 
to characterise power electronics 
circuitry 

e Measure 3-phase currents & voltages 

e Validate compliance to regulatory 
standards 

e Work in an environment without 
AC Power 

e Document and Save your 

measurement results 























For more information about 
| the TPS2000 family... 
Talk to NewTek Instruments: 


Ph: 02 9888 0100 


email: info@ newtekinstruments.com 
NewTek Instruments Pty Ltd - Sydney - Melbourne 
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SERVICEMAN'S LOG 


Life at the end of the food chain 





Getting lumbered with a set that other tech- 
nicians have looked at beforehand usually 
spells trouble. But that’s life — all you can do 
is look as happy as you can and get on with 


the job of fixing it. 


Over the years, I have seen many 
Panasonic M16 TV chassis with a 
wide variety of faults. This doesn’t 
mean that it is an unreliable series — on 
the contrary, it is just that it is such a 
popular set and with good reason. It 





coo [HERE WAS A SFARK 
AND A SMELL FROM 

THE VARIAC“~ & THEN 
ALL WAS SILENT, 
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is very well built, reliable and a good 
performer, although the remote control 
is a bit over-complex. 

The first models were released in 
1991 and then a second series called 
“The One Up” was released in 1994. 
The latter had a lot of small changes 
to almost every part of the set which 
regretfully meant that the modules and 
their PC boards were not interchange- 
able between the two models. Even the 
cabinet detail is different. 

Recently, I had an 80cm TX33V30X 
(Mi6MV30 chassis) come in which 
was dead. This set had already been 
looked at by other technicians and I 
wasn’t too happy at being the bunny 
at the end of the food chain. In this 
situation, you not only have to fix the 
original faults but also any introduced 
along the way. And of course, the client 
expects to pay less than he’s already 
been charged. 

Anyway, I quickly established that 
the main switchmode power supply 
board (D PCB — value $593.26) was 
severely damaged, with 4A fuse F801 
and resistor R809 (3.3Q 15W) having 
also failed on two other boards. So 
was this due to a power surge and if 
so, was it a possible insurance claim? 
I really wasn’t sure. 

Repairing these power supplies 
is always rather tricky, as there are 
about 25 components that need to be 
checked, tested and replaced where 
necessary before switching on and 
doing voltage checks. If you miss any 
or make any mistakes, you can be 
in for an expensive repeat failure of 
everything. 

From the soldering, I could see 
someone had already been down this 
path and a lot of parts had already 


been replaced. Nevertheless, I found 
three transistors that had failed—Q801 
(2SC4706F137) which is the main 
130W power chopper transistor and 
drivers Q802 & Q803. I also found 
the 6.2V zener diode that’s in parallel 
with the two emitter resistors (1Q and 
0.820) to be short circuit. 

I ordered original parts and replaced 
these, along with R809 and capacitor 
C580 (220uF 200V), which was look- 
ing dodgy. I then connected a Variac to 
the supply input, disconnected R560 
on the “X” board and clipped a 100W 
dummy load globe across the 140V rail 
(TPD1). I also disconnected protection 
diode D560. 

When I wound the Variac up, the 
power supply started working at 
about 90V and at 110V I was getting 
a steady 140V output with no stress. 
I then checked the 5V output from 
IC803 and the 12V rail to the primary 
of the remote control power supply. 
The output from regulator IC802 was 
high at 15V (with no load) but after 
swapping the device, I realised that 
there was a parallel resistor (R817, 
5.6Q) across it, which accounted for 
the discrepancy. 

By now, I was feeling pretty happy 
that all was going well and that the 
power supply was working. So, feel- 
ing confident, I wound my ancient 
Variac up to firstly 200V and then up 
to 240V. Well, it reached the first part 
OK but at 240V there was a spark and 
a smell from the Variac — and then all 
was silent. B@#$% &r!! 

It took a while to work out was 
happening. The Variac fortunately 
wasn’t damaged but because the wiper 
contact was old, worn and tarnished, 
it couldn’t handle the increased cur- 
rent. As a result, I stripped it down 
and cleaned and polished the copper 
windings. The 3.3Q 15W resistor 
(R809) had failed in the set too and this 
convinced me that the power supply 
had blown again. 

I checked everything in the power 
supply again but surprise, surprise 
— nothing else had failed and after 
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LOOKED AT 
TWS CNET 








THIS SET HAD AGREADY BEEN LOOKED 

AT BY OTHER TECHNICIANS & I WASNT 

TOO HAPPY AT BEING THE BUNNY AT 
THE END OF THE FOOD CHAINoes 


replacing R809, it was still giving a 
+140V output from 90V AC input. 

Being a little too dumb, I tried turn- 
ing up the Variac again very carefully. 
It got to 220V without problems but as 
I incteased it past this, the 4A mains 
fuse suddenly blew. 

Well, something was seriously 
wrong to blow a 4A fuse and damage 
a 3.3Q 15W resistor but not damage 
the switchmode supply. Obviously, 
there was something amiss with the 
input from the N board. This board 
receives 240V AC from the mains fil- 
ter S Board and includes a full-wave 
rectifier which provides around 300V 
for the chopper transistor. 

But hello, hello, what about all the 
extra circuitry on this board? I sud- 
denly realised that this set is designed 
to work from 110VAC to 240VAC 
50/60Hz and the N Board has a Triac 
(Q812) which switches power to C809 
(330uF). Its gate is controlled by tran- 
sistors Q811 and Q814 which are in 
turn switched by a voltage detector 
circuit. This latter circuit ensufes that 
Q814 is only on when the mains volt- 
age exceeds 120V, 
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In addition, there is also an over- 
voltage protection circuit. This includ- 
es SCR D813 which is also controlled 
by the Triac Q812. 

Anyway, I decided to fire this N 
Board up via the Variac and monitor 
its output with the power supply D 
Board disconnected. And just in case, 
I fitted the 100W globe in place of the 
mains fuse (F601). 

-~ As I turned up the Variac, I noticed 


BiG Covered Ce OT 


Panasonic TX33V30X 9V set, 
M16MV30 chassis 


Panasonic TX80P300A TV set, 
EURO 7A chassis 


Panasonic TC-68P22A TV set, 


MX8 chassis 


Panasonic TC-15PM50A TV 
set, (MX-7Z chassis) 


Creek Audio CD43Mk2 CD 
Player 


Sony TCD-D7 DAT Walkman 








XGAMESTATION 


LEARN STEP-BY-STEP How TO DESIGN 


LAND BuILD YOUR OWN VioeEo GAME CONSOLE! 


Complete Package eBook Integrated IDE 
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"Great for Hobbyists AND Students! 
‘Complete Software Development Kit! 
‘eBook on Designing the XGS Console! PAL 
‘Parallax SX-Key Compatible! 
- Fully Assembled XGS Micro Edition Unit! SE; 
‘The Fun Way to Learn Embedded Systems! 
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Want cheap, as 
bright LEDs? 


We have the best value, brightest LEDs 
available in Australia! Check these out: 


Luxeon 1, 3 and 5 watt 
All colours available, with 
or without attached 
optics, as low as 

$10 each 


Low-cost 1 wait 

Like the Luxeons, but much lower cost. 
«Red, amber, green, blue g 

and white: Just $6 each! 


Lumileds Superfilux SU} 
These are 7.6mm square and can be 
driven at up to 50mA continuously. 


| ° Red and amber: $2 each 


¢ Blue, green and cyan: $3 each 


Asian Superflux 

Same as above, but much 

lower cost. 

eRed and amber: Just 50 cents each! 
e Blue, green, aqua and white: $1 each. 


Go to www.ata.org.au or call 
us on (03)9419 2440. 
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I THEN SPENT A LOT OF FRUITLESS TIME 
CHECKING AMPLIFIERS, TIMe CONTROL 
PREAMPLIFIERS coo 


that the globe started to glow at just 
50V and that as I went up to 240V, 
it became very bright indeed. What’s 
more, the measured output rose to 
nearly 500V DC. 

The voltage detector circuit was ob- 
viously not working and it didn’t take 
much to track the culprit down - R843, 
a 324kQ resistor, was open circuit. 

Not having areplacement, I disabled 
the circuit by shorting Q814’s collec- 
tor to its emitter. This set the output 
to the correct 300V but it didn’t stop 
the globe from lighting when there 
should have been virtually no load 
— or so I thought. 

I disconnected the protection circuit 
and other circuit sections but nothing 
made any difference until I removed 
dual posistors D825 and D826 (these 
are near the input to the board and 
are for the degaussing circuit). I then 
realised that these could easily be the 
‘cause of the 0.5A that was required to 
make the globe light up. 

I refitted the 4A fuse and wound 
the Variac right up. All was OK, so 
I reconnected the power supply and 
again wound the Variac up to find 
everything was still working. 
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Finally, I reconnected resistors R560 
and D560 and removed the Variac and 
switched on. This time the set came on 
properly with everything working ex- 
cept the OSD and Teletext. I was about 
to get very technical when I realised it 
was because diode D8, which supplies 
14V to the PIP (Picture-In-Picture) H 
board wasn’t connected. 

The 324kQ resistor (R843) is on back 
order. However, as this set is extremely 
unlikely to ever leave Australia, it 
could stay permanently switched to 
the 240V position. 


Oh dear, how sad, never mind 


Barbara M went on and on about 
how disgraceful it was that her Pana- 
sonic TV had broken down after only 
four years —“I mean”, she said, “if you 
spend that sort of money you should 
get better than that”. 

She was talking to the wrong guy 
— frankly, I think it is a miracle that 
these sophisticated appliances last 
so long without breaking down. It’s 
because of this reliability, that 50% of 
the service industry has gone forever 
and the rest of us are struggling to 
survive. It only seems like yesterday 


that black and white TVs broke down 
three times a year and as a percentage 
of the average income, cost a “helluva” 
Jot more to purchase. 

I listened to her politely, agreeing 


-with every word, and suggested she 


complain to the people who sold her 
the set — if she is good at whinging 
(sorry, complaining), perhaps she 
could get a new TV set. She liked this 
idea and said she would try. 

Of course, I wasn’t surprised when 
she phoned back an hour later to book 
a service call. 

The set was a Panasonic TX80P300A, 
employing a EURO 7A chassis and the 
fault was intermittent no sound. This 
was a type of problem that could only 
be fixed in the workshop, so in due 
course a swap was made — she had a 
loaner and I had her Panasonic. 

The fault was extremely intermittent 
and only really occurred at switch-on 
from cold. I entered the service mode 
but there were no error messages re- 
corded and the option codes were set 
correctly. 

I then spent a lot of fruitless time 
checking the amplifiers, power sup- 
plies, time-control preamplifiers, etc 
but got nowhere. 

Because the fault was more preva- 
lent when cold, I then thought I might 
get some clues if I attacked it with a 
can of freezer. I used up virtually a 
full can of this expensive stuff but 
eventually narrowed the problem 
down to the sealed digital processor 
panel (DP-PCB). 

Suitably encouraged, I removed the 
metal covers from the module and 
tried again with the freezer. And this 
time, I was able to pinpoint the prob- 
lem to IC2510, a MR27V401D ROM. 

Before going further, I discussed the 
fault with a Panasonic technician. I 
was told that there can be a problem 
with the soldering to this device and 
that it can often be fixed simply by 
removing and resoldering the IC. 

The only trouble is this isn’t as 
simple as it sounds. This particular IC 
is surface mounted, with two rows of 
incredibly fine legs. Even so, I decided 
to give it a go as a new module costs 
around $300. 

I started by removing the metal 
frame which holds the screen covers 
to get better access. I then soldered 
all the pins on one side together with 
excessive solder so that I could heat 
all that side at the same time. 

Next, I applied heat to the centre 
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of the IC to loosen the glue and then 
reheated the pins that had been sol- 
dered together while lifting the device 
slightly with the blade of a knife. The 
idea here is that once one side has 
lifted, the same procedure can be ap- 
plied to the other side. 

After removing it, the area around 
it was cleaned up using solderwick 
and electronic circuit board cleaner 
(or metho). Any excess solder was also 
carefully removed from the IC pins. 

That done, the IC was replaced by 
first soldering two pins at opposite 
ends, before flow soldering the rest. 
The excess solder was then removed 
using solderwick and the results 
checked with a microscope. 

Unfortunately, in this case, the IC 
itself was faulty and I had to order 
a new one (Part No: C3ZBK0000011 
— sub 16). My second attempt fixed 
the problem completely. 


Oh, goodie 

I had another Panasonic TC-68P22A 
with an MX8 chassis come in with an 
intermittent dark or no picture, “Oh, 
goodie”, I thought, “I know what the 
trouble is here!” 

Why was I so confident? Well, early 


production TC-68P22A sets have a 
problem with their EEPROM software 
and Panasonic issued a fix which 
says: “MPU Firmware Upgrade for 
unstable white balance. Due to the 
early firmware settings, it is possible 
for the customer to access cut off and 
sub-brightness without knowledge of 
doing so”. 

The fix is to put the set into Mar- 
ket CHK1 mode and change the IO 
memory address data according a to 
a table supplied. 

Unfortunately for me, this modifica- 
tion had already been done —so much 
for my initial exuberance! And the 
picture wasn’t just dark — the width 
and height were a little low as well. 

It was then that I had a little luck 
— another identical model came in 
with identical fault symptoms. This 
too had had the firmware upgrade 
done but the fault could be varied by 
tapping the chassis. 

As a result, I worked on this set first 
and despite finding several dry joints 
(plug A22 pins 13, 14, 15 and 16), the 
real culprit turned out to be IC3001, 
a surface-mounted IC on the rear AV 
switch board (H-PCB). 

Having got one set working, it was 


easier to roughly locate the fault in the 
other one by substituting the boards. 
Surprisingly, the board that made the 
most difference was the CRT socket 
(L PCB) but it almost confused me 
completely because when I swapped 
it over, the picture became excessively 
bright. 

It wasn’t until I remembered that 
I had turned the screen voltage up 
before swapping the module that I 
realised what was going on. Resetting 
it restored a perfect picture. 

So what was wrong with the CRT 
socket assembly? After all, there isn’t 
all that much circuitry on it. I checked 
all the voltages and did all the usual 
DC checks but couldn’t find anything 
wrong with it. 

I then decided to swap components 
from one board to the other. It was only 
when I transferred C370, a 1000pF 2kV 
capacitor, that the picture was fixed 
completely. 

This ceramic capacitor is between 
the screen (G2) grid of the picture tube 
and ground. It measured perfectly with 
every meter you care to mention. Its 
capacitance was spot on and there was 
no leakage, yet when I refitted it to the 
board, it recreated the fault exactly. I 


Superbright Lumileds - Indoor & Outdoor LED light fitting range 
‘HIGH BRIGHTNESS * LONG LIFE » FULLY DIMMABLE + ENERGY EFFICIENT 


The range of LUMILED downlight fittings shown here have been designed for domestic, display, marine, 
mobile home and caravan applications. All fittings use Lumileds, which are: 
- Long life (typical 100,000 hours) - High efficiency, low power, low voltage - Vibration proof 


The OPLLGG series 
Brushed Gold Finish 
This series is a ceiling 
type gimballed fitting 
and require a 57mm 
diameter cutout (MR11 
size). 


The OPLLGC series 
Brushed Stainless 
Steel finish. This 
series is a ceiling type 
gimballed fitting and 
require a 57mm 
diameter cutout 
(MRI11 size). 


The OPLLFG series 
Gold outer rim with 
chrome inner finish. 
This series i&a ceiling 
type fixed fitting and 
require a 51mm 
diameter cutout 
(MRI1I size). 


The OPLLBR series 
Solid Brass. This 
series is a stand- 


The OPLLBL seftes 
Black powder coated. 
This series is a stand- 
alone type for use alone type for use 
indoors or outdoors, indoors or outdoors, 
are fully weatherproof are fully weather- 
and able to be fully proof and able to be 
submerged for pond _fullysubmerged for 
application. pond application. 


The OPLLGW series 
White powder coated. 
This series ts a ceiling 
type gimballed fitting 
and require a 57mm 
diameter cutout 
(MR11 size). 


Visit us at: www.prime-electronics.com.au Email us: sales@prime-electronics.com.au 


SOUTHPORT SHOWROOM SYDNEY 

11 Brickworks Cntr, 185 Parramatta Road 
Warehouse Rd Homebush NSW 2140 
Southport QLD 4215 Telephone: (02) 9704 9000 
Telephone: (07) 5531 2599 Facsimile: (02) 9746 1197 
Facsimile: (07 5571 0543 


BRISBANE SHOWROOM 
22 Campbell Street 
Bowen Hills QLD 4006 
Telephone: (07) 3252 3762 


- LECTRON |CS Facsimile: (07) 3252 5778 
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Serviceman’s Log —- continued 





can only surmise that it was breaking 
down internally under load. 


Creaky sound 


I had a Creek Audio CD43Mk2 
CD Player from come in with the 
complaint that “the sound distorts 
and after a while it disappears com- 
pletely”. 

I began by checking all the power 
supply voltages and then got stuck 
into it using the freezer. Eventually, 
I noticed that the output waveform 
from the 16.93MHz crystal (CM1) was 
distorted and came good when frozen. 
I ordered and replaced both this and 
IC4 but it made no difference. 

Even putting the CRO onto the crys- 
tal would clear the fault. I checked for 
corrupt data going into the DAC but it 
was OK. In desperation, I went back to 
the agents who contacted Mike Creek. 
He emailed us to tell me that this was 
an early production model and that 
there was a crystal on the servo PC 
board as well as the clock oscillator 
on the DAC board. The servo uses a 
frequency that’s half the master clock 
but isn’t synchronised to it. 

Inevitably, after time, the frequen- 
cies drift out of lock. Replacing the 
other 8MHz crystal fixed the problem 
but a modification is on its way to get 
rid of this 8MHz crystal altogether. 


Walk, don’t skip 


We had a DAT Walkman (Sony 
TCD-D7) brought in with the sound 
skipping, an error display and a blank 
display on cue and review when cold. 
As well, the client insisted that the 
sound was too low. 

The first two problems were due 
to incorrect operation of the rotary 
encoder switch due to a defective cam 
gear (and the switch can become dirty 
also). This has now been replaced 
with an improved type (Part No: X- 
3344-966-3). 

The cue and review problem was 
tricky, especially as fast forward and 
rewind were OK. It searches slowly, 
then at high speed and then loses the 
data signal. The reason was due to 
the take-up reel sticking. It had to be 
removed and the shaft cleaned and 
lubricated. 

Finally, the low level sound prob- 
lem was tackled. I traced this down 
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to C131 and C231, both 10uF 4V sur- 
face-mounted electros at the inputs 
of amplifier IC308. After that, it was 
like new! 


Corrupted data 


An LG rear DLP projector (model 
RT-44SZ21RB) came in with the pic- 
ture shifted to the left. In addition, 
one-third of the picture on the right 
was missing and skin colour tones 
were green. 

I put the set into the service mode 
using a special remote control sup- 
plied by LG. This has to be pointed 
at the centre of the screen where the 
remote contro] receiver sensor is. 
You press the menu for five seconds 
until the EZ IN-START mode display 
comes on. 

Unfortunately, because the picture 
was off centre, it wasn’t possible to 
read all the data options. I managed 
to select “No.2 ddp1010” and then 
noticed H-position = 340 (up one end), 
so I lowered it to 78. This centred the 
picture and adjusting CW1 — which 
was set at 1112 — down to 115 fixed 
the colour. 

Why the data had become corrupted 
I don’t know — perhaps it was due to 
a power surge? 

We then found that using the video 
to switch channels caused the projec- 
tor to roll once each time. To fix this, 
we replaced the digital optical driver 
CCT board which is under the “en- 
gine”. This is big job, as mentioned 
in a previous column. 


Storm damage 


Irecently had to service a Panasonic 
TC-15PM50A (MX-7Z chassis) which 
had been hit during an electrical storm. 
As shown in the accompanying photo, 
the mess on its main PC board was 
incredible, covering about 30cm”. 

Washing the PC board in detergent 
and hot water and then using a variety 
of circuit board cleaners soon revealed 
the real damage. Large chunks of the 
PC pattern — especially the spark gaps 
— had vaporised, taking out the 4A fuse 
(F801), VDR D806 and R809, the lat- 
ter a 2.2Q 5W resistor in the negative 
return from the bridge rectifier. It also 
left a large area of black “soot”, not 
only on the PC board but also on the 
cabinet and tube (see above photo). 





This view shows the sooty mess left 
on the back:of the main board of the 
Panasonic TC-15PM50A TV when the 
PC tracks vaporised. 





This is the same area of the PC board 
after it had been cleaned. Note the 
missing track sections in the bottom 
centre of the picture. 


I repaired the PC tracks with left 
over wire tags from high-power com- 
ponents (such as axial power diodes) 
and fashioned new spark gaps for 
C845 and C846 using aluminium foil 
cut to shape and liberal quantities of 
flux plus a hot iron. I also used gener- 
ous quantities of solder to give them 
rigidity. 

Actually, I’m a bit surprised that 
Panasonic don’t supply replacement 
spark gaps, as the PC board (and cir- 
cuit) are marked, drilled and punched 
for such components. However, they 
are not shown in the parts list. This 
also applies to their other products 
(eg, VCRs) which employ similar 
protection. 

Despite the mess, it was amazing 
that the rest of the set wasn’t dam- 
aged and it is a testimony to its design 
that it withstood such a large strike 
without further damage. However, 
cleaning this set to pristine condition 
is uneconomic, considering the price 
of new TVs that are the same size. 
Its long-term reliability must also be 
questionable. SC 
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PRODUCT SHOWCASE 


XGameStation Micro Edition can turn you into 


a games programmer! 


Imagine understanding how video 
game systems are designed and devel- 
oped at an engineer’s level. Imagine 
writing your own games for a piece 
of hardware you're personally capable 
of building. 

This isn’t a field trip to the fac- 
tory — this is decades of video game 
hardware development “boot camp” 
compressed into a single product 
designed to upgrade your brain and 
take you to the next level of skill and 
understanding. 

It was estimated that only 100-200 
people on the entire planet under- 
stood the workings of the legendary 
Atari 2600 and its design. What if you 
could design machines like this and 
beyond? 

The XGS Micro Edition’s graph- 
ics hardware was inspired by retro 
designs such as the Atari 2600, Atari 
800, and Apple II to give the system 
the most flexibility possible while at 
the same time keeping the hardware 
complexity toa minimum so users can 
understand the system. 

Therefore, the graphics are gener- 
ated via a software / hardware com- 
bination without a dedicated frame 
buffer or sprite system. 

The SX52 core is responsible for 
general control of the raster timing and 
video signals generated via controlling 
a special D/A converter that generates 
a TV level signal and mixes Luma and 
Chroma to generate composite video. 
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The SX52 generates 
the sync pulses and 
well as the raster 
data. 


XGS Micro 
Studio 


Developing for the 
XGS ME is a snap 
thanks to XGS Micro 
Studio! This full-fea- 
tured Windows IDE 


feel of modern devel- 

opment environments 

to the low-level world 

of the XGameStation 
+ Micro Edition. XGS 
Micro Studio is a completely unified, 
graphical interface for SX Assembly 
Language development, covering eve- 
rything from writing code to program- 
ming assembled binaries to the XGS 
ME hardware. With numerous built-in 
utilities and a completely configurable 
look and feel, your potential will be 
limited by your imagination, not by 
your toolset. 

e Write Assembly Language, con- 
figure the hardware, and program as- 
sembled binaries to the flash memory, 
all from a single program! 

¢ Built-in Instruction Browser pro- 
vides an instant summary of every sup- 
ported instruction, including syntax, 
clock cycles, program words required, 
and more! 

e The Real-Time SX Interface encap- 
sulates complete control over the SX52 
chip in a single tool, allowing you to 
read and write program memory, alter 


configuration registers, and more in a 
b | 


single place. 

e User-configurable environment 
settings. 

e Note: Currently only supports As- 
sembly Language development. 
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How are all those Xmas 
toy batteries? 

If you're typi- 
cal of most peo- 
ple, you have 
collected a box 
or drawer full 
of batteries that 
you’ve removed 
from something 
or other because 
they were going 
flat... but you’re | 





brings the look and | loathe to throw Em 


out because they could have some life 
left in them! 

That’s where this new LCD battery 
tester from Dick Smith Electronics 
comes in really handy. In just a couple 
of seconds it gives you a visual indica- 
tion of just how good (or how crook!) 
those batteries are. 

It tests most 1.5V and button cell 
batteries including N and AAA types 
and has an LCD bargraph scale. Un- 
fortunately, it doesn’t do 9V types. Ah 
well, back to the tongue test... 

Retail price is $9.97 (Cat Q1462) 
from all DSE stores, PowerHouse, 
website, etc. 











AUDIO MODULES 


broadcast quality 


Manufactured in Australia 


Harbuch Electronics pw ita 
9/40 Leighton Pl. HORNSBY 2077 
Ph (02) 9476-5854 Fx (02) 9476-3231 
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www.ozitronics.com 
Tel: (03) 9434 3806 Fax: (03) 9011 6220 
Email: sales2004@ozitronics.com | 


K32 - Two Stage FM Transmitter. . . $15.40 | 
K74 - 8-Channel PC Relay Board. . . $53.90 | 
K142 - 12-Channel IR Relay Board. . 

K145 - Temperature Logger ........ $37.95 
K153 - DTMF Tone Grabber Mk2 ... $40.15 
K154 - 4-Digit Preset Down Counter. . $32.45 
K157 - 2-Channel UHF Remote..... $71.50 
APR9301 30 Sec Voice Recorder IC. . . $5.50 
DS18S20 Temperature Sensor..... $13.20 

Prices include GST — shipping extra. 

Full documentation available from website. 


Over 130 kits available — check website. 


Fingerprint security 
your PC 


Worried 
about prying 
eyes when 
|you're away 
from your 
| computer? 
This fin- M 
gerprint ID 
unit from Microgram could solve 
this (and many other) security 
problems. The user simply places 
the finger inside the unit. It operates 
via (and is powered by) the USB port 
(under Windows 98SE/ME/2000/ 
XP) and authenticates a fingerprint 
in less than a second. 
It has logon protection, screen 
saver protection, time limit control 
and comes complete with software. 
Size is 80 x 45 x 35mm 
Recommended retail price is 
$199.00 
Contact: 
Microgram Computers 
1/14 Bon Mace Cl, Berkeley Vale 2261 
Tel: (02) 4389 8444 Fax: (02) 4389 8388 
Website: www.microgram.com.au 
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How many times have you wanted to access a company’s 
website bul cannot remember their sile name? 
Here's an exciting new concept from SILICON CHi: vou 
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Powered mini speakers from Jaycar 


. Let’s face it: the speakers fitted to 
most portable devices are not exactly 
hifi. Most wouldn’t even make it to fi! 

Jaycar Electronics have released 
these nifty little powered extension 
speakers which go at least part of the 
way towards hifi — probably midfi! 
Perhaps that’s a bit cruel. They gave 
a surprisingly good account for them- 
selves, especially considering the size 
of the four speakers (at 1.5in — they call 
them micro drivers) themselves. | 

Designed to cradle an Ipod or simi- 
lar in the centre, they can handle the 
output of most small audio devices 
(Ipods, MP3s, CD/tape players and 
even laptop/notebook computers) for 
a much better sound than the original 


eS 
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device offers. A volume control and 
power switch on the unit itself is an 
added bonus. 

Operating from 4 x AAA batteries, or 
mains plugpack (included), the output 
power is 4W RMS. They measure 230 
x 81.5 x 110mm (fold to just 230 x 37 
x 61mm) and weigh only 286g. 

A standard 3.5mm stereo plug is 
supplied. Recommended retail price 
is $89.95, from all Jaycar stores and 
website. 


Contact: 

Jaycar Electronics 

PO Box 6424, Silverwater NSW 1811. 
Tel: 1800 022 888 Fax: (02) 9741 8500 
Website: www.jaycar.com.au 














MedicAlert medical data now a USB flash disk 


The MedicAlert Personal HealthKey, worn 
by the consumer, enables secure storage, 
maintenance and communication of per- 
sonal health information and will allow first 
responders immediate access to emergency 
and personal health information. 

The MedicAlert Personal HealthKey uses 
USB flash drives from SanDisk. 

Updates to the personal health record can 
by provided by both the patient and those 
authorised by the patient such as a physician, 
Specialist or pharmacist. 

Critical emergency information can be 
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easily accessed by simply inserting the 
SanDisk USB drive into any computer 
equipped with a USB port. In the event that 
a patient is unconscious, the HealthKey is 
designed to display select critical medical 
information as previously authorised by 
the patient. 


Contact: 
SanDisk Corporation. 
140 Caspian Ct, Sunnyvale, CA USA 94089 


Tel: 0111 408 5420500 
Website: www.sandisk.com 
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JED designs and manufactures a range of 
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supplying 


single board computers (based on Wilke 
Tiger and Atmel} AVR), as well as LCD 
displays and analog and digital 1/0 for PCs 
and controllers. JED also makes a PC PROM 
programmer and AS232/RS485 converters. 


Jed Microprocessors Pty Ltd 
el: (03) 9762 3588 Fax: (03) 9762 5499 


frequency control products to the highest 
international standards: filters, DIL's, voltage, 
temperature compensated and oven controlled 
oscillators, monolithic and discrete filters and 
ceramic filters and resonators. 


Hy-Q International Pty Ltd 


Tel:(03) 9562-8222 Fax: (03) 9562 9009 


WebLINK: jedmicro.com.au 


WebLINK: www.hy-q.com.au 
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Manage contacts via 
their business cards 





Altech computers has a neat system 
for managing the piles of business card 
we all seem to collect over the years. 
With the WorldCard Color business 
card scanner you simply scan the card 
in and manage the collected data in 
your database management system. 
If you wish, you can then export that 
data to your PDA, mobile phone etc. 

The lightweight (216g) colour scan- 
ner has an A6 capacity (175 x 75 x 
45mm) for larger images and 600dpi 
resolution. It operates via the USB 
interface on your laptop, notebook or 


desktop PC. 
A Be be 


Contact: 

Altech Computers 
\Unit 37. 401 Holker St Silverwater 2128 
Tel: (02) 9735 5655 Fax: (02) 9735 5656 
Website: www.altech.com.au 





2105 provides seven 
channels of 90 watts | 
into 8 ohms to drive 
all speakers in a 7.1 
home theatre surround i r 
system, while the AVR- 

| 1905 provides seven Anane of 80 watts. 
Both received the UK’s “What HiFi” 2004 












|New A/V receivers from Denon 


Denon’s new AVR- i 





View RF signal instabilities and transients you 


never knew existed! 


The Tektronix RSA3408A, a new 
high performance DC to 8GHz Real- 
Time Spectrum Analyser provides 
36MHz-wide real-time triggering and 
capture capabilities and enhanced 
resolution yielding a 2000-fold im- 
provement in the analysis of power 
and frequency changes over time. 
With the RSA3408A, engineers will 
be able to view RF signal instabilities 
and transients that they never knew 
existed. 

Consumer and industrial applica- 
tions such as RFID tags, keyless entry 
and satellite radio systems, wireless 
game controllers, GPS receivers and 
wireless LANs are resulting in RF 
signals that are becoming increasingly 
complex and transient in nature, gen- 
erating problems that are harder than 
ever to find and identify. 

More than ever, RF signals carry 
complex modulation and change 
from one instant to the next, hopping 
frequencies, spiking briefly and then 
disappearing. These transient and 
time-varying transmission techniques 
help RF devices avoid interference, 
maximize peak power and, oftentimes, 
evade detection. 

Conventional spectrum analysers 





tive price points, 

Each model supports 
many of today’s advanced 
home theatre surround 
sound formats, including 
Dolby Digital Surround EX, 
= © DTS, DTS 96/24 5.1 for DVD 

=A video, DTS ES (Discrete 6.1 
Hi d Matrix 6. 1), and NEO:6 Cinema & Music 
modes. 


ce 


Our website is updated daily, with over 
5,500 products available through our 
secure online ordering facility. 
Features include semiconductor data 
sheets, media releases, software down- 
loads, and much more 


JAYCAR ELECTRONICS 
Tel: 1800 022 688 


WebLINK: www. jaycar.com.au 
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At QUESTROMIX we specialise in conversion, | 
video and audio. We have been serving the 
| audiovisual industry as wel as pro, seml-pro and 
domestic a-v equipment users since 1988. As weil 
| as being a 100% Austrakan manifacturer we also 
| importa range ol innovative and interesting Hems. 


| Fal: (02) 4343 1970 Far (62) 4241 2795 


Audio 
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Sound Awards in their respec- | 


We specialise in providing a range of Low 
Power Radio solutions for OEM's to incor- 
porate in their wireless technology based 
| products. The innovative range includes 
products from MK Consultants, the world- 
renowned specialist manufacturer. 


TelteLink Communications | 
| Tel:(07) 4934 0413 Fax: (07) 4934 0311 
WebLINK: telelink.com.au 






are often inadequate to meet many 
of the new demands. The RSA3408A 
Real-Time Spectrum Analyser dra- 
matically improves the ability to trou- 
bleshoot RF — for example, triggering 
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being indispensable in circuits 

such as loudspeaker crossover 
networks, switchmode power sup- 
plies and RF amplifiers. Unlike other 
components, inductors are often hand- 
made, particularly when prototyping 
or assembling a do-it-yourself project. 
Ata minimum, this suggests the need 
for a meter to check inductance values 
prior to use in circuit. 

But that is not the end of the story. Of 
all the passive components, inductors 
typically show the greatest deviation 
from ideal behaviour. This is due 
primarily to coil resistance and the 
hysteresis of the core material. 

The picture is further complicated 
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by the fact that the losses are frequency 
dependent. The skin effect in copper 
wire and the complicated frequency 
characteristics of magnetic materials 
both come into play and qre apparent 
even at audio frequencies: 

To provide a more informative pic- 
ture of inductor performance then, 
this new meter allows you to measure 
the Q factor of a prospective resonant 
circuit at the operating frequency. If 
you’ve never heard of Q factor, then 
read on... 


Measuring L & Q 

There are several basic methods 
of measuring the inductance (L) and 
the Q-factor of a tuned circuit, the 


This unique project demonstrates what 
can be achieved with a relatively simple 
= circuit and some clever programming. 
~ With only a microcontroller and a 
handful of components, it functions 
as a wide-ranging, multi-frequency 
inductance and Q-factor meter. 


Pt.1: By LEONID LERNER 


most common being “temporal” (time 
domain) and “spectral” (frequency 
domain). The spectral method was 
described in the “Poor Man’s Q-Meter” 
article in the July 2004 issue of SILICON 
CHP. It consists of applying a sinu- 
soidal voltage of varying frequency 
to a resonant circuit and measuring 
the circuit response as a function of 
applied frequency. 

The response of such a circuit will 
generally follow that shown in Fig.1, 
with a peak at a given frequency, 
dropping away on both sides in a 
bell-shaped curve. Circuit theory 
demonstrates that the peak angular 
frequency squared is just the inverse 
ofthe inductance (L) times the capaci- 
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Range 
Inductance: 200nH - 10mH 
| QFactor: 1-120 (approx.) 


Power Supply 


9V DC 200mA plugpack 


Features 
(1) Internal or external tank capacitance 
| facility for accurate Q measurements 


(2) Measurement frequency autoranging 
up to 2OMHz 





tance (C). Soif we know G, inductance 
can be found. 

On the other hand, the Q factor is the 
ratio ofthe peak frequency to the width 
of the bell-shaped curve at half-power. 
This is how the Q is manifest experi- 
mentally. Theoretically, it is defined 
as the ratio of the circuit reactance to 
its resistance at resonance. 

It should be emphasised that the 
preceding definitions are only ap- 
proximations but give excellent results 
provided Q is greater than 2 or so. For 
heavily damped resonant circuits, the 
relationships between waveform and 
circuit parameters are more compli- 
cated. However, we are not interested 
in such circuits here. 


Temporal method 


The temporal method of induct- 
ance measurement is adopted in this 
design. It is based on the fact that 
when a rectangular pulse is applied 
to a resonant LCR circuit, such as that 
shown in Fig.2, decaying oscillations 
give rise to a ringing waveform. These 
oscillations continue until all energy 
is dissipated in the circuit resistance, 
with their frequency the same as that 
at which the peak occurred in the 
spectral response. The Q factor in the 
temporal response manifests itself as 
the ratio of the oscillation coefficient 
(the angular frequency) to twice the 
decay coefficient. 

We can use this information to meas- 
ure the L and Q of a parallel-resonant 
circuit with a square wave generator 
and a scope. The generator is con- 
nected to the tuned circuit through a 
large resistor, so as not to appreciably 
load the circuit and thereby alter the 
Q. This resistance should be larger 
than the series resistance multiplied 


by Q?. 
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Fig.1: the spectral response of a resonant circuit reveals a peak at a given 
frequency, dropping away on both sides in a bell-shaped curve. The Q 
factor is manifest as the ratio of the peak frequency to the width of the 


bell-shaped curve at half-power. 
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Fig.2: the temporal method used in this design relies on decaying oscill- 
ations after a rectangular pulse is applied to the resonant circuit. The 
Q factor manifests as the ratio of the oscillation coefficient (the angular 
frequency) to twice the decay coefficient. 


A typical oscilloscope trace of a 
ringing waveform set up in a resonant 
circuit by such a generator is shown in 
Fig.3. The period is the time required 
for the signal to undergo N oscilla- 
tions, divided by N. The Q factor is 
the number of oscillations required for 
the peak amplitude (starting at some 
convenient peak) to drop to about 
0.043 of its initial value. In practice, 
one can get better accuracy by count- 
ing the number of oscillations for the 
amplitude to drop to one fifth, and 
multiplying this number by two. 

The above procedure is the basis 
for this project, with an AT90S2313 





microcontroller performing the multi- 
ple functions of generator, scope and 
calculator. A liquid crystal display 
(LCD) and keypad are also included to 
provide a convenient means of setting 
basic parameters and observing the 
measurement results. 


Fourier transformed 


It is interesting that one can get from 
the ringing waveform of the temporal 
response to the bell-shaped curve of 
the spectral response by a technique 
called the Fourier Transform, or its 
numerically useful form, the Fast Fou- 
rier Transform (FFT). This means one 
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does not actually have to make spectral 
measurements in order to obtain the 
spectral response. 

This is useful because it is much 
easier to extract the parameters of 
interest from the spectral plot than 
from the temporal plot. The former 
involves just finding a peak in the data, 
while the latter requires establishing 
and then counting the zero-crossings. 
Another advantage in using FFTs is 
that the effects of the inevitable analog 
noise, as well digitising distortions, are 
minimised, as they are separated from 
the signal in the Fourier analysis. 

Depending on circuit Q, our meter 
can measure inductances as low as 


Fig.4: the AT90S2313 

- microcontroller forms the heart 
of this design. After stimulating 
the tank circuit, it digitises the 
resulting waveform and displays 
the results on an LCD. 
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Fig.3: this scope shot 
shows the response of 

an LCR circuit to an 
applied pulse. Decaying 
oscillations give rise 

to a ringing waveform, 
which continues until all 
energy supplied by the 
pulse is dissipated in the 
"I circuit resistance. The 
frequency of oscillation is 
the same as would occur 
at the peak in the spectral 
response. 


200nH and as high as 10mH. The 
range of Q measured varies from about 
1 to 120, 


Circuit basics 


Betore looking at circuit operation 
in some detail, it is instructive to con- 
sider the block diagram in Fig.4. The 
central component of the system is an 
Atmel AT90S2313 microcontroller. 
This particular micro was chosen be- 
cause it is relatively cheap yet includes 
all of the features needed to minimise 
the total component count. 

The micro controls a “pulser”, 
which is used to excite a tank circuit. 
The tank circuit consists of the in- 





ductor under test and a paralleled ca- 
pacitor. The capacitor can be selected 
by the user and connected externally. 
Alternatively, one of three internal 
capacitor values can be chosen from 
the keypad. 

To minimise loading and compen- 
sate for circuit losses, the waveform 
from the tank circuit is buffered and 
amplified by an op amp. Following 
this, it is fed into a sample-and-hold 
(S/H) circuit and then into an analog- 
to-digital converter (ADC). 

The ADC functions are contained 
mostly within the micro so they do 
not appear on the diagram. A ramp 
converter was chosen for its simplicity 
and low cost. For readers not already 
familiar with this type of converter, 
its operation can be summarised as 
follows: 

A conversion cycle begins with the 
charging of a capacitor from a con- 
stant-current source. As the capacitor 
begins to charge, a binary counter 
starts counting from zero. The increas- 
ing capacitor voltage (the “ramp”) is 


Fig.5 (right): complete circuit diagram 
(minus power supply) for the meter. 
A high-speed sample and hold 

circuit made up of a simple counter 
(IC2), analog switch (IC3) and some 
clever programming allows the 

meter to measure resonant circuits at 
frequencies up to 20MHz. 


INDUCTOR 
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This is the view inside the completed prototype. The full construction details 


will be published in Pt.2, next month. 


continually compared with the input 
voltage. When the two voltages are 
equal, the comparator stops the coun- 
ter, whose count is then proportional 
to the input voltage. 

Although simple, ramp converters 
have a comparatively long conversion 
time and a somewhat reduced preci- 
sion. In this application, precision is 
not of particular concern since itis the 
time characteristics of the signal that 
are of paramount importance. 

However, conversion time is im- 
portant. Inductors in the order of a 
few hundred nanohenries require 
measurement frequencies of tens of 
megahertz to achieve a sufficiently 
large Q and so an accurate measure- 
ment. This is clearly well beyond 
the capabilities of our simple ramp 
converter. Even if the design was to 
use a dedicated high-speed (20MHz 
or better) ADC, the micro would not 
be fast enough to store the results of 
each conversion. 

All this overlooks the fact that the 
ringing wavetorm is repetitive. It can 
therefore be digitised at low speed 
by repeatedly stimulating the tank 
circuit and measuring each waveform 
at progressively larger offsets from 
time zero. 


68 SILICON CHIP 


To achieve the desired 20MHz 
sampling rate, measurements must 
be made at 25ns intervals. This is 
achieved with the aid of a program- 
mable sample-and-hold block which 
holds each measurement long enough 
for the low-speed ramp converter to 
complete its task. 


Detailed operation 


The circuit diagram for the majority 
ofthe L/Q Meter appears in Fig.5. Let’s 
start at the test terminals, where the in- 
ductor under test and capacitor(s) are 
connected to form the tank circuit. 

Transistor Q1 is used to pulse the 
tank circuit. It is driven via a 100Q cur- 
rent limiting resistor from output port 
bit PD5 (IC5, pin 9). A second 100Q 
resistor in the emitter circuit limits 
peak pulse current to about 50mA. 
Diode D2 provides isolation between 
the tank circuit and the driver so as 
not to dampen the oscillations. 

Installing a shorting link between 
the “A” and “B” terminals links the 
inductor under test with an internal set 
of capacitors. A 1nF capacitor across 
the terminals fixes the minimum ca- 
pacitance. Two other capacitor values 
(10nF and 100nF) can be switched into 
the circuit under program control us- 


ing port bits PD3 and PD4 (IC5, pins 
7 & 8). 

Signals from these pins are fed 
through isolating diodes D6 and D7 
to current amplifiers Q3 and Q6 and 
from there to switching transistors 
Q4/Q5 and Q7/Q8. Two medium-cur- 
rent transistors are used in parallel to 
reduce the dynamic collector-emitter 
resistance and hence its influence on 
the circuit Q. Even so, the transistors 
contribute about 0.59 series resist- 
ance and the influence of this on the 
Q should be borne in mind. 

Relays could have been used to 
reduce the series resistance further. 
However, these are slow, prone to 
failure and not really in accord with 
our solid-state approach. In addition, 
the use of high-current audio transis- 
tors is precluded by their high output 
capacitance. If there is some concern 
about the contribution of the internal 
circuitry to the Q factor then you can 
leave out the link and use an external 
tank capacitor. 


Fast op amp needed 


So as not to load the tank circuit, 
the output signal is buffered by an 
op amp (IC4), which is connected 
in a non-inverting configuration for 
high input impedance. An AD8055 
op amp was chosen for the task as 
it has high gain-bandwidth product 
and high slew rate and is stable when 
driving capacitive loads at low gains. 
Lower spec op amps are not suitable 
here, as they would severely limit the 
frequency range of the meter. 

Ideally, the output from the op amp 
should swing between about 0-4V 
maximum, which is the maximum 
input range of the comparator. To this 
end, op amp gain is set to about 1.8 by 
the 1.2kQ and 1kQ resistors, counter- 
acting losses in the circuit. 

To maximise dynamic range and 
minimise the influence of noise and 
digitisation errors, the AD8055 and 
analog switch (IC3) are powered from 
+5V supplies. Furthermore, the invert- | 
ing input of the op amp is biased at 
-1.8V, meaning that the output (pin 6) 
will swing either side of +1.8V. This 
scheme makes the most of available 
headroom, which is limited to about 
3.7V. Note that the micro is pro- 
grammed to reject the initial part ofthe 
ringing should saturation occur. 


Hold it a moment 
The output of the op amp drives a 
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Fig.6: the power supply section. A conventional +5V regulator (REG2) powers the entire circuit, 
while a switchmode inverter (IC6) generates -5V for some of the analog circuitry. An LM337 
negative regulator (REG3) is used only to generate a bias voltage for op amp IC4. 


high-speed sample-and-hold circuit 
ahead of the comparator (ADC) input 
on pin 12 of the microcontroller. The 
S/H circuit consists primarily of an 
analog switch (IC3c) and 680pF stor- 
age capacitor. 

As mentioned earlier, the micro digi- 
tises a measurement by repetitively 
sampling successive waveforms. Sam- 
ples are taken at incremental offsets 
from time zero to build a complete 
and accurate digitisation of the ring- 
ing waveform. 

Sampling begins by closing the 
analog switch (IC3c) at time zero. Af- 
ter the programmed delay, the switch 
is opened, leaving the 680pF storage 
capacitor charged to the waveform 
voltage at that instant. Our slow ADC 
then has sufficient time to digitise 
the voltage, after which it is stored 
and the cycle repeats. This is repre- 
sented graphically in the scope shots 
of Figs.7(a)-7(d). 

Unfortunately, the 100ns cycle time 
of the micro means that it is too slow 
to directly control the analog switch 
({C3c). With a maximum 20MHz sam- 
pling rate, we need 25ns resolution. 
This is provided by external logic, 
consisting of a 40MHz oscillator mod- 
ule (OSC1), timing circuits (IC1 &IC2) 
and a level converter (Q2, D1, IC3d, 
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etc), all under control of the Atmel 
microcontroller (IC5). 


Level conversion 


Let’s look at the level converter 
circuit first. It consists mainly of tran- 
sistor Q2, diode D1 and analog switch 
IC3d. The sole purpose of this circuit 
is to convert the 0-5V levels from the 
NAND gate output (IC1a) to +5V levels 
to control the S/H switch (IC3c). 

Since the minimum sample time is 
only 25ns, Q2 is required to switch in 
nanoseconds and have a slew rate in 
the order of 1000V/,s. This is achieved 
with the use of a high beta transistor 
and 100Q resistors in the base-emit- 
ter circuits, as well as the germanium 
diode (D1) between the collector and 
base. The results can be seen in the 
oscilloscope trace of Fig.7(a). 

Q2 inverts the control signal from 
IG1a, so a spare analog switch (IC3d) is 
used to invert it again before it is fed to 
the control pin of the S/H switch. 


Timing secrets 


The two divide-by-2 sections of a 
dual decade counter ({IC2) are cascaded 
to divide the 40MHz clock down to 
10MHz for the micro’s clock input 
on pin 5. The divide-by-5 section of 
the second half of the decade counter 


7 x 100nF 
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(IC2b) is used to derive two out-of- 
phase 8MHz timing signals. 

Output 3 (bit 2) of the counter (pin 
9) is used by the micro as an 8MHz 
synchronisation signal. It is high dur- 
ing only one state of the five states of 
the counter, allowing precise deter- 
mination of the instantaneous state 
of the 8MHz clock with respect to the 
10MHz clock. 

Output 2 (bit 1) of the counter is 
NANDed with port bit PDO (pin 2) 
of the micro via IC1a to generate the 
“hold” signal for the S/H circuit. As 
the micro’s port outputs are synchro- 
nised to its 10MHz clock, the differ- 
ence between the rising edges of the 
two signals on IC1a’s inputs allows 
generation of Ons, 25ns, 50ns and 75ns 
delays under program control. This 
can be seen in the simplified timing 
diagram of Fig.8. 

Output 2 is also NANDed with port 
bit PD1 via IC1d so that the micro can 
freeze the counter. Note that Output 
2 is used here instead of Output 1 as 
it goes high earlier in the counting 
cycle, thus allowing for the propaga- 
tion delay through gates IC1c-ICid 
and [C2b. 


Digitising 
The micro program performs ana- 
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Fig.7(a): the following series of scope shots were 
captured at progressively longer timebase settings and 
provide an insight into how the ringing waveform is 
digitised. Here, the green trace shows the waveform at 
the S/H output (pin 9 of IC3c), while the red trace shows 
the control signal on pin 6. Note the very fast transitions 
of the latter, which for the all-important trailing edge 
(hold) constitutes 7ns, or 1400V/us. The waveform is 
oscillating at a 1.8MHz rate and its instantaneous value 
is captured when the control signal goes low. Also, 

note that the voltage at the S/H output doesn’t decay 
noticeably during the hold period (red trace low), when 
the analog to digital conversion takes place. 





Fig.7(c): with a timebase of 200,s/div, the sample-and-hold 
control signal is now just a succession of spikes and is not 
shown. At this time scale, the sequence of flat plateaus 
reproduces a digitised version of the original ringing 
waveform of Fig.7(a), occurring at a rate almost 1000 
times faster. 








Fig.7(b): a waveform is acquired by continuously stepping 
the delay between the pulse applied to the tank circuit 
and the hold signal. The rising plateaus generated by 
successively greater delays capture the rising edge of a 
particular sinusoidal cycle and show how a repetitive 
1.8MHz signal is effectively frozen and reproduced on a 
much larger time scale. Note that the hold period or the 
time interval between successive pulses, reflected in the 
length of the plateaus, increases with increasing voltage. 
This is because the conversion time of the ramp converter 
is proportional to the sampled voltage. 


n 
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Fig.7(d): this final shot is at the longest timebase setting 
(2ms/div). Each bunch of oscillations is the digitised 
ringing waveform in the previous figure. Between 
acquisitions the micro performs calculations, so the S/H 
circuit is idle and the charge on the 680pF capacitor 
decays. 


log to digital conversions by using 
the AT9082313’s internal comparator 
in a ramp converter. This requires a 
voltage rising at a constant rate to be 
produced at the inverting input of 
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comparator IC5 (pin 13). This is pro- 
duced by an LM334 constant current 
source (REG1) which is used to charge 
a 4.7nF capacitor. 

The LM334 provides temperature 


compensation in this time-critical part 
of the circuit. 

The input signal (via the S/H circuit) 
is applied to the non-inverting input 
of the comparator (pin 12). The output 
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Fig.8: the time difference between the rising edges of 8MHz and 10MHz 
clock signals are exploited to enable high-speed sampling. The micro 
latches a high on PD1 (pin 3) on the rising edge of its 10 MHz clock and 
after a 0, 25, 50 or 75ns delay, the rising edge of the 8MHz clock freezes the 
input voltage at that instant. 


of the comparator is programmed to 
trigger a counter interrupt inside the 
AT9082313 when the ramp voltage 
exceeds the input voltage. 

Note that the LM334 is rather slow 
compared to the speed of the rest of the 
circuit, so current is not switched at 
its input terminal. Instead, switching 
is performed at pin 13 of the micro, 
which is connected to an internal pull- 
down transistor. This shunts current 
from the LM334 until the conversion 
commences. 

Once enough of the waveform is ac- 
quired, the microcontroller performs 
an FFT of the sample and finds the 
spectral peak. The FFT is a compli- 
cated mathematical procedure and is 
quite computationally intensive. It is 
therefore usually performed on high- 
speed floating-point processors such 
as Intel’s Pentium class and above. 

However, speed is not of paramount 
importance in this application. More 
importantly, the results must be ac- 
curate and this was confirmed by 
comparing the results of two FFTs, 
one performed on a Pentium and the 
other on an AT9082313. 


Display and keypad 

A 2-line x 16-character LCD module, 
keypad and ISP (in-system program- 
ming) interface to the micro via port B 
(PB2 - PB7) and one bit of port D (PD6). 
A number of port B lines are shared 
between devices. The LCD module is 
interfaced in 4-bit rather than 8-bit 
mode, so only its upper data lines (DB4 
- DB7) are connected. 

The keypad has 12 keys, organised 
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in a matrix of 4 rows x 3 columns. 
The micro pulses each row in turn 
and polls the columns to determine 
which key is being pressed. Note that 
4.7kQ resistors are included in series 
with all the keypad lines to protect the 
port pins. This means that if a key is 
pressed while the micro is updating 
the LCD, no harm is done. 


Power supply 


The power supply section ofthe L/Q 
Meter appears in Fig.6. Starting at the 
DC input socket, diode D9 provides 
reverse polarity protection ahead of a 
7805 positive voltage regulator (REG2),. 
This regulator provides +5V for the 
entire board. 

As explained earlier, -5V is also 
needed for op amp IC4 and the analog 
switch (IC3), and this is generated from 
the +5V rail by a MAX635 switchmode 
voltage inverter (IC6). As shown, this 
device requires only a diode (D8), 
inductor (L1) and filter capacitor to 
function as complete switchmode 
inverter. 

The -5V rail is reduced to -1.8V by 
an LM337 negative voltage regulator 
(REG3). The 120Q and 56Q resistors 
between the “GND” and “OUT” ter- 
minals set the output voltage to -1.8V, 
to be used as a bias voltage in the op 
amp circuit. 


Next month 


That’s all we have room for this 
month. Next month, we will give the 
full construction details and describe 
how the new Inductance & Q-Factor 
Meter is used. sc 
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* They are also available as kits 3 
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way enthusiasts like them. 


* VAP’s brand new Generation 4 


DC-Series is now available and 
offers extreme levels of 
accuracy at incredible prices. 
They go very deep so they can 
be used for Home Theatre 
without a subwoofer in many 
rooms. They are very sensitive | 
so they don’t need big aoe 
expensive amps to drive them. 

They can take high power so if 
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simply want to play loud, vou 

can. They also work well close 

to walls so yvousecan use them in 


small rooms too. 


VAF Speakers are used by the 
ABC, ParliamenfiHouse in 
Canberra, and in pregaration 
of many A DYD 
titles in Australta.... 

MoT ERGr SMT TTo GLK rTM neys 


Buy direct from the people 
who make them, and for less 
than you may think. 

4 new kits from $449pr to 
$1,999pr. If you want instant 
results, fully assembled 
versions Roe: ay RUT See 


For Info. or to Order 


FreeCall 1800 81 sit ace 
email vaf@vaf.com.au 
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Can you scrounge a bit of plastic electrician’s 
ducting and a few wire coat hangers? 

If so, in a couple of hours you can build 
yourself a really cheap, really effective 
antenna for your UHF CB or PRS hand-held 
and enjoy significantly increased range! 
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emember those Christmas- -stocking- filler walkie-talkie > A Such cheap wireless toys 
rightly lead to most hand-held | 


two-way radios being dismissed 


ai 


radios you had as a kid? The sort that you and your ff i 
mates played spies with — before their batteries gave 4 j 
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If outon Boxing Day? 
| Operating in the 27MHz band (CB channel 14 being £ 


| § most common) most of these flea-power sets had just two | 


A controls: on/off and push-to-talk. Many didn’t even rate a | 
1 volume control! Not only did they have mediocre “lucky | 
Ú to get next door” range but lack of noise-killing squelchy 
| revealed your broom cupboard hideaway. 
| Naturally your allowance didn’t stretch to costly £ 
l i 9V battery replacement every few days either. Untold £ 
numbers of such sets probably now lie discarded in # 
è those very broom cupboards. F 
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’ as kids stuff. Serious communica- 

T tions surely justifies professional | 

/ equipment, perhaps larger 27MHz | 

= CB, VHF marine or even (another) | 

j mobile phone? Allow hundreds of | 

| dollars. Anyway, today’s kids would f 

| probably organise their spy ring by 
mobile phones or text messages, to 

) their (and their parent's!) lament when 

Í the bills arrive. 


| PRS = = Potent Radio Surprise 


Surprise! The walkie-talkie has grown 


Í up, and modern 2 way-radios are now the $ 
| cat’s whiskers. In most countries, evolving lalais 
froman attempt to tidy 27MHz CB abuse, {i 

generous slices of the radio spectrum $ 


around 450MHz were assigned in the 

1990s for licence free, low power $ 
(0.5W) UHF CB voice communica- | 

tions. New Zealand and much of 

Asia calls this the Personal Radio 

Service (PRS) but in Australia it’s 

simply referred to as, WHF CB. 

It covers 40 FM analok channels be- 

tween 476.425 and 477,400MHz, vith 

specific limits on power andigo on, 

In Australia, conventions Have been § 
established as to. which chanffels are 

simplex_and which are for repeater Mputs 
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The simplest UHF CB antenna? 
A quarter-wave whip! 


Perhaps the simplest external UHF 
CB antenna is a quarter-wavelength 
| whip, which can conveniently be 
rustled up at this UHF frequency 
with an old telescopic aerial or weld- 
ing rod offcut. | 
With one 477MHz wavelength = 
628mm, then 1/4 wave = 157mm. 
The telescopic version allows VERY 
convenient tweaking of course and 
even extension to a desirable 5/8 of 
wavelength (here 392mm) when a 
more squashed radiation pattern 
emerges. 
Verticals give an omnidirectional 
| pattern, so won’t have the potential 
gain of a Yagi but lend themselves 
to elevated mounting if an artificial 
ground can be provided. 
Such a ground is often configured 
as a few sloping radials, each them- 
selves 1/4 wavelength long but it’s 
not usually too critical. A 2-way 
radio in fact uses loose coupling to 
your body itself as the ground and 
vehicle mounted whips employ the 
metalwork of the car. 





Although cheap TV grade “F” 
connectors are fine at UHF, BNC are 
more rugged and reliable. 

One simple DIY design uses 
an emptied plastic CD spindle as 
the connector holder, with an alu- 
minium “disk” inside as a simple 
ground plane. 

Thermally conductive aluminium 
will be a soldering nightmare, so bolt 
a solder tag from the coax shield to 
it instead. 

The disk ground should be larger 
(usually 1/2 wavelength across = 
314mm) but this could be enhanced 
if placed on a car roof top or the 
like. aj: 

For antenna security it’s sug- 
gested that several strong magnets be 
placed inside the plastic case to grip 
nearby iron work, although maybe 
the plastic container could be filled 


with pebbles or sand for stability | 
when on a platform or stationary 


vehicle. 
But don’t forget to take it down 
before you drive off... 





Even a simple vertical antenna can greatly enhance reception, especially if 


signals are otherwise weakened by nearby shielding metalwork. Assorted 
F and BNC connectors and adaptors allow designs to suit your application. 


Use heat shrink or sleeving to prevent the main antenna conductor shorting. 
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In Australia, conventions have been 
established as to which channels are 
simplex and which are for repeater 
inputs and outputs, which channels 
are for emergencies, which channels 
truckies and travellers use, and so 
on. Two channels are even reserved 
for “non voice” data communication 
— more of this in a later article! 

The US Family Radio Service (FRS) 
and European Personal Mobile Radio 
(PMR) are similar, but with slightly 
different frequencies (PMR = 446MHz 
over 8 channels) and local regulations. 
In all cases however, operation is 
totally licence free, with no ongoing 
running costs. 

There’s no privacy (so don’t broad- 
cast your Swiss bank account de- 
tails...) and, despite some businesses 
in the bush trying to claim “their 
channel” no-one has the right to use a 
channel over anyone else (except the 
emergency channel which is backed 
by regulation). 

When first offered back in the 1990s, 
and even as recently as the SILICON CHIP 
March 2001 review, UHF CB radio sets 
were costly and largely appealed to 
commercial and events users. 

Such is now not the case, since mass 
production has lead to insanely cheap 
global prices. 

In NZ and Australia, UHF sets now 
flood electronic retailers and discount 
stores at such throw-away prices that 
customers may not in fact take them 
seriously. Even electronic gurus often 
consider them as glorified toys until 
they try one out! Perhaps because of 
such “cheapness”, uptake seems very 
modest here in larger NZ cities, no 
doubt also reflecting the now near- 
automatic tendency to reach for one’s 
mobile phone. 

But remote regions, group bush 
hikes or vehicle convoys may suffer 
cellular flakiness. If you’re passing 
through Snake Gully and require group 
broadcasts for a comfort stop ahead, 
then mobile phone calls may be futile 
and are limited to 1:1 of course, even 
if coverage improves. 

Ranges of the modern UHF CB sets are 
rather more line-of-sight than 27MHz 
CB, although reduced atmospheric 
noise at the higher frequencies mean 
receivers can be very sensitive indeed, 
with quality FM audio as well. 

City block coverage is typical (ideal 
shopping!) with bush conditions per- 
haps a kilometre or so. Unobstructed 
links (eg, over water) can allow clear 
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Jaycar’s Digitech DC-1030 is typical of modern UHF CB/PRS transceivers which 


sport a huge range of features. Opening the case reveals a couple of nice large 
pads to which we can solder an external antenna. The existing antenna is the 
spring-like coil (shown with its cover removed, top left of opened-up transceiver). 


reception at even 10km or more. 

Signals will penetrate buildings 
and vegetation to a certain extent, as 
477MHz propagation is not as picky as 
2.4GHz WiFi, where at times it seems 
even a shadow will threaten to throt- 
tle coverage! 

Battery life is much enhanced and 
most units now capable of using re- 
chargeable NiMH AA or AAA cells, 
further reducing ongoing costs. Dock- 
ing stations and mains chargers can 
make a group’s wireless operations 
almost seamless — particularly ap- 
pealing perhaps to a sports or school 
group short on expertise (and $$$) but 
needing reliable equipment. 

Even budget $40 models feature 
near-bewildering control options, such 
as scanning, voice operated transmis- 
sion (VOX), duplex repeater and sub- 
audible tone calling. 

If you intend buying a UHF CB fam- 
ily pack for an outing or sports event 
then ensure you choose a model that’s 
ergonomic, else granny may waste half 
the day trying to deactivate dual watch 
and CTCSS calling, or annoy the group 
with VOX transmissions every time 
she coughs! 

Before Christmas, Australian dis- 
count department stores were flogging 
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four-packs of UHF CB transceivers for 
less than $100 — (that’s just $25 per 
set!). However, we cannot make any 
comment as to their “mod-ability” 
which follows in this article using the 
Jaycar DC-1030. 


External antenna mod 


Most 2004-era UHF CB sets use a 
traditional rubber ducky antenna, in- 
volving a coiled wire “spring” radiator 
inside a short flexible rubber sleeve. 

Radio regulations, common to 
both NZ (RSM) and Australia (ACA), 
specify that external antennas are 
permitted, so it’s naturally tempting 
to replace this rubber ducky with 
something more effective. 

At the very least perhaps an antenna 
can be placed higher on a building 
for better coverage. Naturally, open- 
ing and modifying a transceiver may 
void your warranty but at their bargain 
prices this may be incidental. 

Courtesy of Jaycar Electronics 
(which fortunately stocks largely the 
same range both sides of the Tasman) 
a pair of their DC-1030 handhelds was 
obtained. 

This model readily unscrewed (joy 
of joys — a Philips head, not a tamper- 
proof screw!) to reveal a not only a 


wonderland of microelectronics but 
most importantly two generous sol- 
der pads beside the clamped spring 
antenna. 

Yay! It’s the work of moments to sol- 
der (perhaps with 1mm holes drilled 
for header pins) a flexible coax lead 
to these and direct it out via the now- 
empty rubber ducky space. 

Strictly speaking, UHF grade coax 
and BNC connectors should be used, 
but for convenience even a short length 
of thin flexible shielded audio, coax 
and cheap RCA sockets are tolerable, 
especially while you experiment. 

Avoid transmitting without an an- 
tenna of course, since you may damage 
the set with the signal that’s now got 
nowhere to go! 


Antenna basics 


In spite of white-hot changes in 
electronics, antennas remain near 
timeless devices, with designs dat- 
ing back decades ripe for hands-on 
experimentation. 

Considerable design and simulation 
software now exists, ranging from 
the broadcast professional’s Numeri- 
cal Electromagnetics Code (NEC) to 
(gasp!) DOS-based programs such as 
Yagi Optimizer (yo.zip), 

Perhaps the most complete re- 
pository is that of a Canadian ham, 
VE3SQB, whose web site, www.gsl. 
net/ve3sqb/ is justifiably praised for its 
Visual Basic antenna simulations. 

Taking 477MHz as the midpoint of 
the UHF GB band, radio waves at this 
frequency will have a wavelength (L) 
(in metres [=1000mm)]) of: 


L=3x 108 
477MHz, 


or some 628mm, a length convenient 
for “plumbers delight” designs, espe- 
cially classic Yagi-Uda’s. 


The Yagi 


The “Yagi” antenna (fellow inventor 
Uda is usually now neglected) dates 
from 1929. It is probably best known 
asa TV or FM radio antenna but lends 
itself to easy home-built use. Amateur 
radio operators love ’em! 

As with theoretically all antennas, 
the Yagi can be used to transmit or 
receive electromagnetic energy (in 
the form of radio waves). Here we’ll 
describe it as a receiving antenna. 

It consists of at least two elements 
(although a minimum of three is more 
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A typical antenna design and simulation program screen. 
Note the slight dimensional variations from the version 
used in this article. It’s probably best to use such software 





as a guide and optimise performance by field trimming. 


common) and theoretically there is no 
upper limit. All elements are (again 
normally) aligned in the same plane. 
The most important one is the driven 
element (DE) —the one that connects to 
your transmitter and/or receiver. 

Behind the driven element is (usu- 
ally) one reflector (R), slightly longer 
than the driven element. As its name 
suggests, its job is to reflect electro- 
magnetic energy back. towards the 
driven element. 

In front of the driven element is one 
or more directors, each slightly shorter 
than the driven element. Again, as 
the name suggests they direct energy 
towards the driven element. The more 
directors a Yagi has, the more direc- 
tional it becomes. 

The Yagi is most effective when 
the boom (on which all the elements 
mount) points directly at the signal 
source (transmitter), with the directors 
towards the front. 

It will normally work “back-to- 
front” (ie, with the reflector pointing 
towards the transmitter) but nowhere 
near as well. As you turn the Yagi boom 
away from the antenna, performance 
drops off, to the point where at right- 
angles to the transmitter, there may 
be little or no signal at all. These are 
called “nulls”, 

Antenna textbook theory assigns the 
driven element (DE) as a half wave- 
length across. The actual physical 
length reduces somewhat by a factor 
relating to the elements diameter and 
frequency in use (typically 0.94). 

Thus, for 477MHz it’s 628mm x 
0.5 x 0.94 = 295mm wide — about 1% 
handspans. 
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The rear reflector (R) is usually 
1.05 times this (=310mm) and front 
directors (D) 0.95 times (=280mm). 
Tradeoffs between bandwidth, gain 
and feed impedance govern element 
spacings, with L/8 to L/3 gaps (here 
78-—209mm) common. 

Practical needs to compact the de- 
sign arise as well — ours in fact follows 
this. Confused by the maths? Try a 
simulation program instead. Typically 
these may make all sorts of assump- 
tions and their recommendations may 
be just a guide to the actual best design 
for your application. 

Measurements to just the nearest 
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A birds eye view of the expected radiation from a 4-element 
Yagi such as ours. Note the large broad frontal lobe - this 
could be sharpened with even more directive elements. 


millimetre will do as well, since it’s 
hard for the average home constructor 
to cut and drill better than that. Experi- 
ment — you'll learn by doing! 


Cotanger and ducting Yagi 

You could drill holes in a broom 
handle to mount Yagi elements but for 
flexibility a mount such the one that 
follows may appeal! 

This uses a very special type of wire 
called cotanger — if you haven’t heard 
of this before, go into your bedroom, 
open up you wardrobe and remove a 
shirt from what’s holding it up. 

Unless you’re unlucky (or upmarket 
| 


Í 






Pod 


You don’t have to label which element is which — but it might help you eliminate 
i i errors! You can see the “raw materials” at right: a 
length of electrical ducting and a few wire coathangers. 


siliconchip.com.au 


REFLECTOR 
(R) = 310mm 


COAX 
CABLE 
(TO TRANSCEIVER) 


DRIVEN ELEMENT 
(D) = 295mm* 


DIRECTOR 1 
(D1) = 280mm 


CENTRE AND 
BEND 90° INTO 
TERMINAL BLOCK 
(90° BENT SECTIONS 


DIRECTOR 2 
(D2) = 280mm 


160 


A77MHz 4-ELEMENT 
YAGI -{~6dB GAIN) 


ELEMENTS #10 GAL 
WIRE (2.5mm DIAM) 
FROM 


NOT INCLUDED IN 
295mm LENGTH) 


CUT 
COATHANGERS 


«450mm LENGTH 
2PART (SNAP FIT} 
PVC ELECTRIC 


2-WAY MAIN 


3x 2-WAY MAINS 
TERMINAL BLOCKS 
(MOUNTED ACROSS 
CONDUIT) 


AL DUCTING 


This scale diagram should help you construct the 477MHz Yagi antenna. Element lengths shown here were theoretical 
and may benefit from slight trimming. Spacings can readily be adjusted by drilling extra holes in the ducting walls. 


with wood or plastic models) you have 
in your hand a cotanger. 

(Whoops, we forgot who we are talk- 
ing to. ify ou don’t hang your shirts up 
... you might have to surreptitiously 
raid someone else’s wardrobe). 

OK, so it’s made of galvanised wire 
about 2.5mm in diameter and when 
cut to appropriate lengths, is just stiff 
enough to make an antenna from. 

In our antenna, the wire elements 
are supported by terminal blocks that 
neatly fit inside a length of plastic 
electrical 2-part ducting (the kind 
which has a “lid” which snaps onto 
the “base”). The split driven element 
(DE) is secured by connectors turned 
through 90°. Doubling the connectors 
allows back ups should brass screws 
strip their threads on the tough iron 
wire and the connectors easily slide 
to test element positions. 

Thicker elements are in fact more 
desirable than thin, since radiation re- 
sistance and bandwidth is improved. 


Construction 


The length of the ducting and the 
distance from its end to the first ele- 
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ment is not important (as long as it is 
long enough!). We have said around 
450mm would be an adequate length; 
you may like to make yours longer if 
you want to be able to either mount it 
on a mast or hold it in the hand. . 

In both cases, any extra length 
should be at the reflector end. 

First of all, you’ll almost certainly 
have to straighten the coathangers out 
first. Cut the elements to the dimen- 
sions shown from your coathangers 
using heavy-duty plier blades or even 
a hacksaw (don’t use your good side- 
cutters — you’ll either break them or 
notch them!). Using the diagram and 
photo as a guide, mark out the position 
of the driven elements on the ducting 
and drill all the appropriate holes. 
All elements pass through the sides 
of the ducting. 

The reflector and two directors are 
continuous lengths of wire, while the 
driven element is divided in two and 
the very end (say last 10mm) is bent at 
90° to go into their respective places 
in the terminal block. 

The reflector and directors pass 
right through the terminal block and 





are held captive by the screws. One 
side of each of those terminal blocks is 
unused but you need two-way blocks 
to be able to mount them with a suit- 


1 boom made from a 450mm 
length 2-part electric cable 
ducting, of a size you can 
scrounge (typically ~30mm wide) 

1310mm length 2.5mm galvanised 
steel wire (from coathangers) 
— “R” 

2 280mm lengths 2.5mm 
galvanised steel wire (from 
coathangers) — “D1, D2” 

2 ~160mm lengths 2.5mm 
galvanised steel wire (from 
coathangers) — both for “D”. 

4 2-way mains terminal blocks 

4 nuts, bolts and washers (to mount | 
terminal blocks on duct) 

1 length (to suit) coax cable (prefer- 
ably mini 75Q low-loss) | 

1 plug to connect to socket you fit 

-to your transceiver 
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With a home-brew field strength meter and a good pair of binoculars, you can 
do some quick performance checks of your new antenna — and compare the 
readings to the “rubber duck” antenna that the UHF transceivers come with. 


able bolt, washer and nut. 

To find the right spot for the reflector 
and director terminal blocks, poke the 
elements through the hole just drilled 
in one wall of ducting, slide the block 
on, the poke the element though the 
opposite wall and slide it out until it 
is roughly in position. 

Place the terminal block in the exact 
middle of the ducting (either by eye or 
by measure}. Mark the terminal block 
mounting hole and drill it, then secure 
it with its bolt, nut and screw. 

Very carefully find the half-way 
point of each of the elements and 
make sure it is in the exact centre of 
the block. Tighten up the grub screws 
in the terminal block and your three 
elements are in the right spot. 

The driven elements are similar 
except that there are two of them and 
they have the 90° bend in their ends. 
Their terminal block mounts along the 
duct, rather than across it, so that the 
90° ends turn into the terminals. It’s 
pretty important to have the ends of 
the driven elements mounted tight up 
to the terminal block. 

Strip off a couple of centimetres of 
coax cable and connect it, nice and 





DMM ON LOW DC 
RANGE (eg 200mV) 


GERMANIUM 
DIODE 
(eg OA91) 
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close, to the terminal block. It doesn’t 
matter which way around the braid 
and inner conductor go. The coax 
can run along the ducting and out the 
reflector end. 

Give your antenna a final check, 
then snap the ducting cover on — and 
its finished. 


Performance 


Performance of this 4 element 
design was most satisfactory — we 
estimate around 6—8dB of gain, which 
translates into range doubling and im- 
proved signals in marginal areas. 

Modest direction finding was also 
possible, allowing homing in on a 
remote “lost in the bush” transmitter. 
This could be educational “fox hunt- 
ing” fun for a scout group and may 
even stimulate a youthful interest in 
electronics or ham radio. 


Field testing 


Since classic transmitter testing 
equipment (usually SWR meters and 
antenna noise bridges) may be unavail- 
able, it’s suggested you initially use 
a “Poor Man’s Field Strength Meter” 


(FSM). 


Our “poor man’s field strength 
meter” merely consists of a loop 
of wire, a germanium diode and a 
digital multimeter. Ideally the loop 
should be 628mm from multimeter 
terminal to terminal. But it’s 

not a particularly exact science: 
near enough will usually be good 
enough. The multimeter leads 
themselves (usually about 750mm 
each) will be a tad too long because 
/ that will be about 1500mm. 


Simply connect a germanium diode 
(such as an OA91 or 95) in series witha 
length of wire, ideally one wavelength 
long (628mm), and plug into a DMM 
switched to sensitive (200mV?} DC 
range. The wire loop picks up the ra- 
dio signal, and the diode rectifies this 
to DC, much in the style of a classic 
crystal set. 

If it’s a clear diode (and most modern 
ones are) make sure it is well covered, 
or it may act as a tiny solar cell and 
generate a few millivolts when sun- 
shine strikes it! 

Such a simple FSM may respond 
to all manner of passing transmitters, 
especially if powerful UHF TV sta- 
tions, mobile phone towers and so on 
are nearby. 

Since it’s the relative “far field” 
readings that are of interest, these 
are readily determined by placing 
your FSM on a wooden chair some 
20m away while trimming or rotating 
your antenna — maybe supported ona 
kitchen Lazy Susan — and reading the 
result via either a second person, or a 
pair of good binoculars. 

Meter readings from a directed 
antenna of some 20mV were noted at 
20m distance — about as far apart as 
even good binnies can read on a DMM 
with even large LCDs. 

The proof of the idea of course is in 
performance. Since virtually all radio 
receivers incorporate automatic gain 
control (AGC) to amplify weaker sig- 
nals more and attenuate strong ones, 
audible checks at some distance may 
be biased, although background “hiss” 
may be a good measure. 

With a test over an unobstructed 
11km link, deep nulls — that is, drops 
in signal — were found much as pre- 
dicted near 90° as the handheld Yagi 
was rotated and frontal radiation im- 
provements were very significant. 

The Yagi reception was almost “arm 
chair quality” beside an unmodified 
set at the same time, and it’s feasible 
that Yagis at both ends would have al- 
lowed line of sight ranges of 30-50km. 
Mmm — just the ticket for that outback 
farm, off shore island or mega shop- 
ping mall! 

Ultimately the earth’s curvature may 
be the limiting factor, even if both ends 
are elevated. SC 
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PICAXE in Education... 








The New Generation of Technology 


In the January issue we briefly mentioned the success of the PICAXE Fair 
and the display by students from East Hills Girls Technology High School. 
With the 2005 school year commencing even as this issue of SILICON CHIP 
goes on sale, we thought it timely to have a more detailed look at the 
achievements of the girls and where it is hoped this will lead in the future. 


hile many schools and 
colleges will have finished 
organising their 2005 sub- 


ject and course offerings and indeed 
various curriculum options, a lot don’t 
really set them in concrete until the 
second or third week of the new year 
— ie, right about now! 

We're hoping that this feature might 
prompt or shape some of the choices 
schools and colleges make —as in, “we 
could do that too!” And even if it is 
too late for this semester or even this 
year, maybe we might be able to “sow 
the seeds” for 2006. 

OK, enough preamble: let’s go back 
to where this all started: the PICAXE 
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fair — and where we went from there. 

In the lead-up to the PICAXE fair, 
PICAXE enthusiasts and groups were 
invited to bring their projects and/or 
designs along for all to see and evaluate 
—including the “father” of the PICAXE, 
Clive Seager, Technical Director of 
Revolution Electronics (UK). 

Clive made the trip to Australia 
specifically for the PICAXE fair and to 
further preach the PICAXE gospel. 

Incidentally, it was acknowledged at 
the fair that Australia has probably the 
highest per-capita interests and usages 


by Ross Tester 





of PICAXEs in the world. 

That’s due in no small part to the 
infectious enthusiasm of SILICON CHIP’s 
regular contributor, Stan Swan and his 
incredibly popular PICAXE column in 
the magazine. 

If Clive Seager is the father of the 
PICAXE, Stan Swan must be regarded 
as Professor PICAXE in this part of 
the world. 

You might expect that Stan has a 
financial interest in promoting the 
PICAXE — the truth is, Stan is another 
educator: a lecturer at Massey Univer- 
sity in Wellington, NZ and his interest 
stems (at least in part) from getting his 
students as keen about this technology 
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as he is. (As well as in the pages of 
SILICON CHIP you'll find Stan on his 
website, www.picaxe.orcon.net.nz). 

Back, though, to the PICAXE fair: IT 
students from East Hills Girls Technol- 
ogy High School entered their PICAXE 
project and were awarded first prize 
for their efforts. 


Ped-X 

As soon as Leo Simpson and I 
walked into the PICAXE fair, Stan 
dragged us across the room to the East 
Hills Girls Technology High School 
display and their “PED-X ~ the new 
generation of technology”. 

“You’ve gotta see thus,” 
(Remember, he’s a Kiwi). 

As its name suggests, PED-X has 
something to do with pedestrian 
crossings. 

Something to do with? PED-X is 
a fully automated pedestrian cross- 
ing control system driven, surprise 
surprise, by a PICAXE (in this case, 
an 18X). 

The girls, all from classes which 
sit either the School Certificate or the 


he said. 
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Higher School Certificate later this 
year, had made a model ofa pedestrian 
crossing, complete with LED traffic 
and pedestrian lights. 

First, it automatically sensed the 
presence of a pedestrian, checked 
to see if it was one of those “push 
button and run” nuisances we’ve all 
experienced (the ones who delight in 
stopping traffic because they can!). 

Ifthe person was still at the crossing 
the traffic control phase was started 
with the usual amber then red light, 
then green pedestrian “walk” light. 

At the same time it sensed whether 
it was day or night and if the latter, 
also activated road-mounted indicator 
lights ahead of and at the crossing to 
give drivers more visual notice that a 
crossing was being used. 

As Tim Shaw would say “but wait, 
there’s more...”. | 

Their crossing also had sensors 
embedded in the crossing itself to 
ensure that older pedestrians had in 
fact completed the crossing, before 
switching the traffic control lights 
back to green. 


Steve ‘Sharp (lef) an md Anthony Rotonda. the 
girls fbm Eg zi Gifls Technology High School are holding F al 
ieir de did a joy, along with the extensive documentation 

| they Maed for it. Pictured are Samantha, Alisha, Fiona, 
Eleanor, Kim-Anh, Jessica and (back row) Victoria and Sarah. 
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For good measure, they also in- 
cluded an initialisation or POST 
(power on, self test) routine to make 
sure the crossing lights always came 
up they way they should after a power 
failure. 

In the case of the model, it is of 
course powered by battery — but there 
is nothing to stop this type of control 
system being implemented in full-size, 
fair-dinkum pedestrian crossings. If 
you used LED arrays for the traffic 
control lights, all you’d need would be 
a few driver transistors and it would 
work exactly the same as the model. 

In fact, one of the design features 
was that a full-sized system could have 
battery backup and so keep working 
during a power failure. 

So it was, a few days after the fair 
(and just before the school holidays) 
we arranged a visit to East Hills Girls 
Technology High School. 


The challenge 


The girls embarked on the project 
as a challenge to broaden their learn- 
ing experience, in keeping with the 


siliconchip.com.au 


A close-up of the model 
PED-X researched 
and created by 
the girls in year 
nine. The overall 
design and 
programming 
was done by year 
11 IT students. It is 
completely automatic 
and changes its 
operation depending 
on speed of pedestrians 
and time of day. 


philosophy of the school. Their chal- 
lenge: not to build a better mousetrap 
but design and build a better, safer 
pedestrian crossing. 

Under the guidance of Steve Sharp, 
Head Teacher IT, Anthony Rotondo, IT 
teacher and Lesley Kaye, the girls took 
on the challenge and came up with 
` a project which has many elements 
which could influence design in the 
“Teal thing.” 

With limited-to-zero experience in 
programming, electronics and model- 
making, students were divided into 
two teams: the (then) Year 9 Comput- 
ing Studies class were to research 
the subject in depth and create the 
model, while the (then) Year 11 Soft- 
ware Design and Development set the 
parameters for their better pedestrian 
crossing and then developed the soft- 
ware to run it. 

Steve Sharp assisted them with the 
electronics. 

Their research found that about one 
in six road deaths were pedestrians 
and that of the 290 fatalities in 2001, 
93 were people aged 65 or over—or one 
eighth of the population contributed to 
one third of pedestrian fatalities. 

The girls concluded that with an 
ageing population, by the year 2041 
if other factors remain unchanged, 
statistically one third of the fatalities 
will be of pedestrians 85 years of age 
and over. Clearly, that was an unac- 
ceptable prospect. 


The project 

With the research behind them, the 
girls brain-stormed the requirements 
for a better crossing. 

They came up with key design 
factors: 

(1) No buttons to press — the cross- 
ing would be completely automatic. 

(2) Not only the “normal” pedes- 
trian and traffic control lights but also 
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embedded lights on ‘the median strip 
and on the crossing itself as a warning 
to drivers. 

(3) Sensors on the road which 
check to see if cars are driving by, to 
keep the pedestrian lights on red. 

(4) Sound augmentation for the 
vision-impaired. 

(5) Crossing-time to be customised 
to pedestrians. 

(6) Sensors to detect the amount of 
light (ie night/dusk/bad weather etc) 

The Ped-X was designed to give par- 
ticularly older people but also visually 
impaired pedestrians a much safer way 
of crossing the road. 

The team’s observations suggested 
that many of these people do not have 
enough time to safely cross the road. 

The Ped-X overcomes this by sens- 
ing the progress of people on the 
crossing itself. Whether you are an 
Olympic athlete or a person on a walk- 
ing frame, it will not return the traffic 
control lights to green before crossing 
is completed. 

In the model, this was achieved 
by the use of magnets tripping reed 
switches embedded in the pavement. 

The girls were first to acknowledge 
that this was not a “real world” situa- 
tion but also suggested that there were 
a number of ways to sense the location 
of people on the crossing — passive in- 
frared, microwave and other methods 
were suggested. 


Coding | 

“How much difficulty was there 
writing the code,” I asked. 

The software creators, Eleanor, 
Fiona, Jessica and Kim, replied that 
they found it quite difficult to start off 
but once they had the basic knowledge 
(no pun intended!) it got easier and 
easier. 

In the end, they told me, they were 
really enjoying writing and refining 





About East Hills 
Girls Technology 
High School 











Principals, leading teachers and 
administrators looking to expand 
their school’s subject choices and 
the depth of their curricula could well 
look at the example of East Hills Girls 
Technology High School. 

While it is a “technology” school, 
many of the Key Learning Areas 
and programs set up at the school 
should be adaptable into mainstream 
or comprehensive high schools and 
colleges, with significant advantages 
for both teachers and students. 

East Hills Girls Technology High 
school is located in the south-west- 
ern suburbs of Sydney and is believed 
| to be the sole girls-only technology 
high school in the country (while 
located across the road from East 
Hilis Boys Technology High School, 
the two schools are independent of 
one another). 

At the end of 2004, there were 
more than 950 girls enrolled at the 
school with over half travelling from 
outside its “normal” catchment area. 
Fortunately the school is within a few 
hundred metres of Panania railway 
station. | 

Computing Studies is a compul- 
sory subject for all students in years 
nine and ten and the Specialist 
Information Technology faculty has 
five full-time staff. As well as offering 
a broad range of subject choices in 
Information Technology in the senior 
school, it also teaches the district 
Gifted and Talented class in !T — year 
eleven students are able to complete 
Certificate || in Information Technol- 
ogy and the HSC in one year. 

The school has five computer class- 
rooms, a video production unit, dark- 
room and specialist rooms for tech- 
nological studies, sciences, creative 
arts and drama. Industrial Technology 
— Electronics is offered as a course for 
years nine and ten students, teaching 
basic electronics, robotics, computer | 
| systems and components. 
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Sets lights and 
reads analog sensor. | 


INITIALIZATION 


Sees if sensor 0 or 7 is on. 
If it is, go to sensor check, 
if off then loop. 





If O or 7 on 


Waits. Checks sensors 0 and 
7 again (to see if pedestrians 
have run away). 


| SENSOR CHECK 


Checks amount of light. 
If less than original lighting 
then low cross. 





_ If lower 


lf higher — 











Changes traffic light to red, 
crossing to green. Low cross 
has median strip lights. 


LOW CROSS 





If no-one is on crossing 2 and 6 then 





If crossing CROSS CHECK | delay 2 seconds. If sensors 2 and 6 
is active ON then loop to cross check again. 
— If no-one is 
| on crossing 


f Waits 10 seconds and then 
goes to crossing 





Go to 


Red on. Amber off. Green off. | 
Crossing green off. 
Flashes green, flashes red. 


CROSSING 





Go to 


INITIALIZATION 





This flowchart shows the 
operation of PED-X. 
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the software, getting-it to do exactly 
what they wanted it to do. 

That’s one of the beauties of the 
PICAXE, of course: coding is very easy 
to learn, even for a beginner. It also 
doesn’t require any dedicated pro- 
grammer — as readers who have been 
following Stan Swan’s PICAXE project 
know, all you need are two resistors 
and you code direct from your PG. It 
could hardly be simpler! 

As for the PED-X project, Steve 
Sharp said that the PICAXE is a superb 
system for students to gain knowledge 
in both programming and mecatronics. 
With very simple, low cost compo- 
nents, the girls have proven it possible 
to build solutions to quite complex 
problems. 

“Since the model is totally control- 
led by software, the program can be 
easily erased and the PICAXE made 
available to the next group of enter- 
prising software engineers,” he said. 
“Imagine what type of solution they 
might come up with!” 


The future 


The knowledge and skills gained by 
the students at East Hills Girls Tech- 
nology High School in the preparation 
of PED-X has been excellent. 

Simply by actually building models 
such as this allows students to bridge 
the gap between programs they create 
on the computer to how those pro- 
grams actually work in real life. 

In addition, the hands-on experi- 
ence has allowed them to develop ex- 
cellent problem-solving skills — skills 
which will be invaluable for their 
School Certificate and Higher School 
Certificate later in the year and into 
their future careers. 

Many of the girls involved in the 
project plan to make their careers in 
some aspect of information technol- 
ogy, whether through further study at 
University/TAFE or by directly enter- 
ing the workforce. 

In addition to the skills learned in 
the PICAXE project, their studies have 
introduced them to a wide variety of 
topics in the IT area — everything from 
basic word processing and spread- 
sheets right through to animation and 
graphic design. 

As Stan Swan rightly points out 
overleaf, “It’s my view that Picaxes are 
truly an educator’s dream.” Now all we 
have to do is convince the hundreds 
of other schools and colleges teaching 
technology to take up that dream! 
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Stan’s Corner . 


You can perhaps thank Google for 
the Australasian Picaxe takeoff! It 
was only mid 2002, while helping a 
NZ high school battle with budgets 
and boredom in an electronics class 
project, that I’d reflected “there’s just 
got to be a better way - especially for 
today’s PlayStation/text message/web 
page generation!” 

Although microcontrollers had be- 
come well established in the electronics 
industry, their costs or steep learning 
curves meant both staff and students 
dismissed them as unsuitable for the 
average student (or stressed teacher!), 
especially given limited class instruc- 
tion time and tight resources. 

When a lengthy Google session un- 
earthed the (then) little-known Revolu- 
tion Education’s Picaxe offerings, I'd 
initially thought their $5 prices were a 
misprint, since at even $50 each they’d 
have been good value! 

But $5 they were and they've since 
, “Just worked” as absurdly cheap, ver- 
satile and powerful {yet easy to use) 
engines, amply justifying my 2003 
“New Millenium 555” reflections and 
enthusiasm. 

It’s my view that Picaxes are truly an 
educator’s dream, especially given the 
reduced component needs a project 
now requires. 

Suitable capacitors out of stock fora 
555 R-C' timer? Wrong value thermistors 
purchased? Budget cleaned out for a 
year-end technology project? Want the 
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kids to take something home to show 
off or work on? With a Picaxe, only 
trivial components may be needed, 
with desired circuit alterations made 
via the program editor, perhaps even 
reusing earlier hardware! 

It’s atriumph of key strokes over 
components, 

Aside from the bargain prices, 
educationally where the Picaxe family 
really shine is perhaps as a liberator 
from normal hard-wired circuits that 
can only really be tested when finally 
assembled and powered up. 

The resulting puff of smoke and as- 
sociated agony of defeat that crushes 
many new electronics students is al- 
most alien to Picaxe designs, as ideas 
can often be incrementally developed 
and verified as one goes — rather like 
doing a crossword puzzle. 

This rapid reinforcement, combined 
with extremely supportive internet re- 
sources, serves to stimulate new-learn- 
ers and provide almost a 3-D aerial 
view of an electronic design. It’s akin 
to a General flying high over a battle 
field for a campaign overview. 

Such self-directed learning can en- 
courage rank beginners to explore pos- 
sibilities. But it especially empowers 
lateral thinkers who may be continually 
pushing “what if” design boundaries 
anyway, hopefully as a stimulus for 
more powerful controllers and even an 
electronics career. 

Under such a learning scheme 
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Developed for students, & professional performance 
makes PICAXE the most easy-to-use micro ever: 
PICAXE “programmer" is two resistors and a 4.5V battery! 


DISTRIBUTOR: 
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And for chips in Australia: © Plo ater TET Ce mer da 


(John - 03 8802 0628) 








students may need less initial formal 
theoretical instruction and instead 
largely “learn by doing”, correcting 
mistakes and expanding ideas as they 
go, much as word processing now em- 
powers writers. 

Hence seductive LED patterns, CRC 
data massaging or even memory- 
hungry musical tunes might call for 
maths algorithms that’d normally be 
considered very tedious if taught as 
stand-alone theory. 

Given the high level commands em- 
ployed, it’s even tempting to speculate 
Picaxes may appeal to foreign students 
keen to enhance their English language 
skills, Late teen Asian students intro- 
duced to them here in NZ show an 
enthusiasm that perhaps relates to the 
simultaneous English and Electronics 
benefits arising! sc 
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complimentary anniversary gift with any purchase 
over $20. 





Jack O’Donnell 
Managing Director 












Don't waste your money on 

regular batteries. A charg- 
| er and rechargeable bat- 
teries can pay for them- 
selves over and over! This 
unit suits NiCad or NiMH bat- 
teries, It also keeps your batter- 
ies in top condition with its dis- 
charge function, Suits AAA, AA, C, D, ov, 


BONUS BUY: Buy the ie A 0288 and you | 
can purchase 4xAA 2300mAH (S 4746C) 
rechargeables for $10! Valued at $19.50. 50. 






Make any purchase over $20 at our Sydney 

store and receive your choice of keyring LED torch 

(any colour you likel). Personal shoppers only. 
HURRY, OFFER ENDS FEB 28th! 
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Check who's at the door before opening it! Oxygen Free Copper a pair of 
A high-tech touch to strands for superior thumping 
any home! Great value! sound & cable life. subwoofers. 
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= A sale and easy way Cable size 102/.12 
~ ta. monitor your front 
door day or night! 
When the call 
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| ($47.20) & M 9274 power 

supply ($21.95) you can even | 
emotely unlatch your front door/gate to let | 
visitors in. 
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2x 150W RMS ase 
mosfet amplifier, 


Stylish chrome 
finish will be sure to 
impress your friends. ¥ 
| High quality sound for a , 
fraction of the price or brand name units. 
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Why waste $$$ on Gi 
throw away batteries? | | 
l Replace those expensive “single Bi | = Great for communications No licence required! Periect handheld 
February is the first use” batteries with these high E equipment. Selectable vollage | radio for recreation, building sites, 4WDs, 
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Professional quality for aij; al 
fraction of the price! i 
An excellent multi purpose *™% 
soldering iron. Perfect for „l 
service technicians, 
schools, engineers, 
R&D, production rá 
work etc. Features: \ 
45W. Japanese ` 
ceramic heating 
element for long life 

* Temp adjustable from 
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With heavy duty DOUBLE STACK vented 
magnets! Just as good as brand name 
gear, without the exorbitant pricetag. 
lla The Keviar impregnated cone provides * 
excellent efficiency and strength. The voice 
coil uses a high temperature coating with 4 
layer winding for incredible sound reproduction 

| and long term reliability. 4 Ohm. 
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Why put up these aluminium I e 
with noise and RCA’s and save 30%. { | 
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across long cable runs! 
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Providing a whopping 80 watls of heat- _ yes 
ing power, this gas soldering iron is the ulti- 

mate in wireless soldering solutions. Totally 
portable, no need for any mains power! 
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*12VDC «Gompact* Excellent 

| different numbers anywhere in the world when your ') | immunity? 120° 12m fee, 
‘ alarm triggers. ‘PIR range ¢ 9m glass 
4 break detection range. 


television (10m cable 
included) and provides clear, 
colour video from the camera 
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sou outside. The wall mount 





ARP $149 ciiai ji ie acl a] people Every S 5264 includes a free l | ry E E | 
5 9408 outside without opening the door. | S 5075B backup battery and gs | i g 
Power supply included M 9325 Plugpack m D Ae | 
Valued at $41). ; , 
Sr red Pee a ningit E ( 311 [ana = | men a Single or multi user 4 ; 
simply by connecting this unit up to your tel- : : digit entry code system. | 
ow a ac nie sett nut into 3 Panect for access control 


in home or business 
applications. Features 3 
outpuls: 5A NCG/NO for 
door sinke &2x 1A 

| outputs for alarm 
triggering. Up to 100 | 
million possible entry 






This compact 
camera can 
also see in 
the dark! 
(} Great for out- 
dóor use, or ewen 


AAP $19.95 
A 3058 






Tired of 
forking 





Ne longer will you have to tumble behind your 
entertainment unil lo switch AV inputs. Greal 





out $100+ hi pope Sef Up your own aquarium cam | for connecting game consoles, DVD, VCR etc. | codes! peut 655.05 
for batter- Wim s i eral Britani perormer even | RCA and S-Video input/outputs. | n! 
ieswhen W i Great for cars, boats cam! B&W. outdoors or water prone areas. | Westorpieels desig $ 5372 





NO POWER SUPPLY REQUIRED! 


you leave your car or boat ee EEUE 














4 0 Ra Ty gt à 
sitting for a few weeks? This solar a” f ngi > M ne iif Hmetf tei 
charger maintains your battery in lop 
Sao Sa eae perigis of f Great for fish tanks, home} A superb meter featuring opti- NEW LOW PRICE 
pacan ao e UiO Detter batery brew kits, cellars or just keep- | cally isolated RS232 connec- Pertec for the cash 
a $ oe! ma “a ee hile on holid ing an eye on the weather! | tion and software for under $100! strapped student 

Se eee meee On pee Features a jumbo LCD screen | Great for analysing battery chargers, 
| “Nole: will not charge dead ilal batteries e prucas a umoo Seaan yng ae enthusiast or handyman. 


timed circuits or many other variables! | 
Features: *DCYV to 1000V * ACY to 


for easy reading and displays | 


With its builtin transistor fa 
| inside & outside temperatures. 


& diode fester it 








Waterproof sensor makes it} 750V *DC Ato 10A « Resistance to represents fantastic 
- perfect for aquarium | 40M&2 * Capacitance to 100pf \ value for money. 
owners. It also includes | * Continuity * Frequency sa RETRY TIS 
| A| = =F Software allows datalogging reat meter DA ad 
SECURE YOUR HOME, temperature alerts and | * Duty cycie * Diode test with varlable sampling time, | | T dng = si 


WORKSHOP OR 

BUSINESS! 

(SC June ‘04) 

This module inter- 

faces easily to an 

alarm or doorstrike to 

provide a simple way to 

secure areas. Operates 

simply by waving an encoded 

tag in front of the receiver. 

Supplied with one keyfob, extras $9.95 ea 
(K 9302), Credil card style tags $5.95 ea (K 9303). 


FREE BONUS: Get a 2nd ID tag of 
your choice! Save up to $9.95! 


max/min hold functions. 





¢ Aulo power off «Data hold gata storage, plus graph output! d MEIE B 
araia: als 





* Emergency backup battery keeps your 
PC running during a blackout for up to 15 minutes 

¢ Surge / spike protection & power filtering. 

« Constant clean power to operate your essential 
equipment. * Phone line spike elimination 


* Monitoring & shutdown software 


Lightweight and easy to use, Ihis “non con- 
tact” infra red thermometer provides accurate 
temp measurement of any object. It can take 
| readings in hard to get to, or dangerous 
places, or when equipment is operaling. 






ARP $169. | 
(D0882 1200vA] | 00877 G00VA Reads 





Avoids catastrophic problems that can occur when your PC isn’t shut down correctly! er Pierce 


MAINS PDWER FROM A 1PV BATTERY, FG ae Aa 


LIMITED STOCKS! SAVE $50! 
SAVE UP TO $250 
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CCO 


Wilh it's SHARP*® CCD sensor 
this tiny camera is sure lo 
impress in both picture & build hil 
quality. Its sturdy diecasl metal cas- ane $17 9 
ing & swivel bracket makes it perfect for 

§ 9052 
mounting anywhere indoors or in shel- 
tered ouldoor areas. M 9243 plugpack to suit $18 





SUPER COMPACT! 1200W 
SURGE RATED! Perfect size for 
e. | cars, 4WD s, service vans, 
camping, farmers etc. A hostof | 
res i | proleclion features (polarity, | 

NA overload, temperature and short 
circuil) make this inverter super 
easy to operate. 


Feature packed into a rugged steel chassis, with no load 
shutdown, auto start and high/low voltage protection. 

M 8142 12V Mod. Sine Wave: The huge surge pg 
rating of this inverter makes it perfect for 
handling the startup surge of fridges, freezers, 
pumps, grinders and microwaves. These units 
will even power difficult loads like fluorescent 
lighting! 

M 8042 12V Pure Sine Wave: Pure sine wave 
inverter for power sensitive appliances such as | 
computer equipment, microwave ovens, clock 
radios & medical equipment, 

















RRP $179 
M 8116 
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RRP $799 






Delivers 13.8V at up to 


5A peak. Perfect for Great compact design, perfect for. 


M 8042 
SOOW Pure 










powering communica- 

tions equipment or 

3 d bench power sup- 

sh) 1 oveNoad and short 
Mid LINUOUS 


ARP $105 


circuit prol he M 8250 


re FREE BONUS! Buy any high sitet 
~ inverter and get yourself a FREE M 8141 
remote control unit! Valued at $99! 





running laptops, portable 
stereos, chargers etc. Stay 
powered up even when 
you're in the middle of 
nowhere! 12V input 250W. 





RRP $149 
M8112 








All Altronics kits feature: * Premium grade components such as 1% metal film resistors, IC sockets & MKT capacitors.» Solder masked PCB's to eliminate solder 
bridges ¢ Detailed assembly instructions. Further to this, a vast majority of our kit range also include: * Silk screened PCB overlays to aid component placement 


¢ CNC punched chassis and silk screened panels ¢ And we often provide ancilliary parts in our kits that competitors do not supply, saving YOU money! 
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> (SC Dec 2004) 

; =”) es Extremely simple 
ae t amplifier kit 
wi designed to be easy 


enough for beginners lo 
“ assemble. Delivers 20W RMS and 

is suitable lor small hi-fi applications or a PC 
sound system. Power supply module also 
available, K 5117 $12.95 


Great little kit for those learning 
about electronic audio circuits.  Ų 


(SC October ‘04) Power up 
your exlernal PC devices ona 
single plugpack. This tiny kit is 
a great way to power scanners, 
portable hard drives and other 
devices wilhout lhe need for 
individual 240V power sources! 
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FH HUGE 4000 MCD OUTPUT! 
12 degree viewing angle. 
Non) White light. Great 
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RRP $29.50 
Z 0806 





torches, kits etc. 








SAVI 
ON DATA CABLE! 







Give your FANTASTIC 


latest project a touch of Miidla 
class with these metal 19° rack cases, 
featuring aluminium front and rear pan- 
els for easy customising 


RAP 
H 5031-1U $55.95 
H5032 2U $79 
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A great tool for both home or 
workshop. Use it to glue together 
wood, plastics, cardboard and 
ceramics. Very easy to use. 


BONUS: 12 FREE 
GLUE STICKS (T 2942 x 2) 
VALUED AT $5.90 


» Stylish & 










for projects, mini | 3 


From only 33¢/M! 





TURBO | 


(SC Nov 98) 







: Simple & 
ni o effective way 
{W/W LED's of eee 
a single 5W LED. atntiiitse 3 
Very efficient and "Œi ~ a damage ~ 
produces very little (i =- alter a long D 


heal. tts 12V input 
makes it perfec! for boats, cars & car- 
avans, anywhere low voltage lighting 
might be required! 


Peep BONUS BUY: Buy the K 1010 kit & 
E) bw 7 0251 1W White LED for just $35! 
Pee THAT'S A SAVING OF $8.90! (K 10105) 


drive. Much cheaper than 
buying a brand name timer & its 
even compatible with most 
immobilisers, Features: 

90 second time out» 


¢ Easy installation. 
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from anywhere in the world! 


(SC October 04) Fantastic idea for home or car 
security, in addition to literally THOUSANDS of 
home automation possibilities! Coupled with an 
old mobile phone, this module can provide 

| automated triggering of contacts simply by SMS 
commands. Alternatively, it can SMS you and provide instant status updates! 
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Stock up on 












1000V rated for working 
Premium quality push on mains equipment. 
button switches and = Set includes 4 j 
PCB toggle's, « SA blade, 3 lf 4 
phillips, g a y A S 
= plusa a fF | 


RAP $14.95 | 


240V test driver T2193 












E OVER 50% 


This handy swilch can operale 
240V AC appliances up to 6A. Il 
can be used in 4 modes including, 
on/off, latched, momentary 
and 2 minute timed allowing 

| great flexibility, Code hopping 

| remote. Great for remote con- R 

| trotling garden lighting, gates, k it 
doors and hundreds of other | 

| appliances! 30m range. iy 

Make your life easier ana 

remote control your equipment! 














| J 
| The spray with a hundred & one 
_ uses! An absolute must have for 









-___ Don't struggle pe; 
_ every service bench, tool box or eee wilh ser 5 1g 
ae Eevee cleaning e B or side RRP $18.95 A 
ore eae UE culters to T 1522 
* Deoxidises & cleans * Reduce ii strip wires, this handy 
intermittent connections& òf $40 


a stripper & cutter lool can 
iE; do the job faster than a 
Be Dlink of an eye! 


arcing * Reduce wear and 
abrasion, 20ml. 
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durable alumini- 


SMALLER THAN A um finish * High 


l D 3123 





Ergonomically 






Temperature sensor Save over 15% on 
this popular kit! 





RAP $i29 
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Authorised Resellers: 


JOONDALUP Lantaztic 99010521 
KELMSCOTT Electronix Marl 94954433 
ALBANY Leading Edge Hi-Fi 98412077 
BUNBURY Leading Edge Hi-Fi 97216222 
ESPERANCE Esperance Comm. 90713344 
GERALDTON ML Communications 99657555 
NARROGIN Greal Southern Comm. 98814881 
BALLARAT Wiltronics 53342513 
BEACONSFIELD Eclipse Security 97689007 
BENDIGO PCB Electronics 54444044 
CASTLEMAINE Star Electronics 54705433 
CLAYTON Rockby Electronics 95628559 
CRANBOURNE G&C Communications 59963298 
CRESWICK MB Radio Supplies 59452205 
DANDENONG Telecoms Pty Ltd 97933339 
GEELONG Academy TV 52481621 
HORSHAM Hobby N Tronix 53822319 
LEONGATHA Gardner Electronics 56622861 
MELTON Tandy 97431233 
MILDURA Benchmark Elecironics 50210822 

Electronics R Us 50290762 
NUNAWADING Semtronics 98733555 


TECS imports 98777071 
PACKENHAM Gel Smarl Hi-Fi & Repairs 59414886_ 


PRESTON Preston Electronics 94840191 
SWAN HILL Laleral Communications 50322322 
WODONGA Exact Electronics 60565746 
WONTHAGGI Raneye Pty Ltd 56724774 
SYDNEY David Reid Elect. 92671385 
GUNNEDAH Protronics 67422110 


CPT 45714699 
John Fettell Radio 65811341 


NORTH RICHMOND 
PORT MACQUARIE 


SMITHFIELD Chantronics 96097218 
WINDANG Mad Electronics 42977373 
WOLLONGONG Newlek Electronics 42271620 
DAPTO Vimcom Electronics 42625306 
WYONG Pro Dise Ent. 49531100 
BRISBANE Delsound PL 33978155 
BOWEN HILLS Prime Electronic Comp. 32527466 
CAIRNS Penlacom 40321710 
CLONCURRY Access Eleclronics 47422590 
HEAVEY BAY Leading Edge 41283055 
LONGREACH Access Electronics 46580500 
MACKAY ` Slevens Electronics 49511723 
MAROOCHYDORE All Elecl. Supplies 54436119 
MARYBOROUGH Leading Edge 41214559 
MOUNT ISA Oulback Electronics 47493475 
ROCKHAMPTON Access Electronics 49221058 
SOUTHPORT Prime Electronic Comp. 55312599 
TOWNSVILLE Solex 47754522 
ADELAIDE Aztronics 82126212 
BRIGHTON Force Electronics 89770512 
BLAIR ATHOL Aztronics 83496340 
HOLDEN HILL Force Electronics 82617088 
MT. BARKER Force Electronics 83911133 
MURRAY BRIDGE Force Electronics 85321433 
SEAFORD Force Electronics 83270444 


WOODVILLE STH. Force Electronics 83471188 


Aclive Electronics 62310111 
Active Electronics 63347333 


HOBART 
LAUNCESTON 


Global PC 33776086 
Global PC 93434475 
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Prices stated herein are only valid 
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designed to reduce RSI and provide comfortable typing, even for 
long periods. The keyboard has a feature list as long as your 
arm! Some of which include, programmable application keys, 
scroll wheel & volume adjustment. The mouse has a recharge- 
able base slation and utilises a high res sensor for just about 
any surface. Note: mouse is designed primarily for right handed users. 


| speed USB 2.0 

| © Suits Compact Flash (1&2), Smart| 
Media, MMC (1&2), Secure Digital, 
IBM Microdrive, Memory Stick (Pro, Duo & Pro 
Duo), Mini Secure Digital. 


PACK OF MATCHES! 
¢ Stylish & durable alu- 
minium finish e High speed USB 

2.0 * Includes plugpack for pow- 
ering devices directly off the hub. 
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Practical ideas to minimise, if not eliminate, interference to 
C-band satellite reception from wireless broadband signals. 


DEATH BY OVE 


Part 2 — by Garry Cratt* 


In December, we explained how the new Unwired wireless broadband 
service uses a band which had previously been used to receive C-band 
satellite TV, with obvious results. Here we present several methods of 

reducing various of levels interference affecting existing systems. 


bviously, you will know 
QO): your satellite signal is 

being interfered with. But is 
it interference from Unwired or from 
another source? 

Remember how difficult it was to 
align your dish to receive the mi- 
niscule amount of signal in the first 
place? And then how often the signal 
was interefered with — before the days 
of wireless broadband? You may be 
jumping to conclusions and blaming 
the wrong source. 

However, if the interference has 
only been apparent since about last 
August, the chances are it is Unwired 
causing your problems — either Un- 
wired itself (in which case the interfer- 
ence would be pretty-much constant), 
ora local Unwired user (in which case 
the interference could be intermittent, 
especially if the user turns his/her 
computer off at times). 

Even if the source of interference is 
not Unwired, many of the suggestions 
made in this second article may well 





Spectrum analyser screen showing the 
interfering signal — the huge “spike” 
halfway up the screen. 
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assist you. Something is getting in — so 
why not eliminate all possibilities! 

It’s always best to try the easiest 
(and usually cheapest!) solutions 
first. Remember, though, this is an 
imperfect science and there are few 
cheap cures. However, every problem 
that can be eliminated will contribute 
to the overall success in improving 
performance. 

For existing systems, ifitis possible 
to still receive some satellite channels, 
it is likely that some of the economical 
fixes suggested here will cure the prob- 
lem to the extent that normal viewing 
will be restored. 

Note, though, that this only applies 
to signals in the C band above 3.7MHz 
— it will probably not be possible to 
view any channel in the extended 
section of C band. Any channel falling 
between 3.4 and 3.7GHz will probably 
be lost, affecting users of Telstar 10, 
Thaicom3, Insat 3a, Insat 2e, Asiasat 
3 and Palapa C2. 

For existing systems suffering in- 





And here’s the interfering signal 
after the combiner — it’s dramatically 
attenuated. 


terference, start by trying to identify 
the possible source. It will most likely 
be on a nearby mobile phone tower, 
high-rise building rooftop, or com- 
munications site. 

Use the ACA website to search for 
your location, It will show if there is 
a transmitter nearby (http://Awww.aca. 
gov.au/pls/radcom/spectrum_search. 
cat_listing). 

If the satellite dish is rooftop 
mounted, consider relocating it to 
ground level, where buildings can be 
used to shield the dish from the local 
source. 

Check that cabling is RG/6 quad 
shielded, check the fitting of connec- 
tors, and replace crimp types with 
compression connectors. 

Bury any cabling that is lying on the 
ground (preferably in conduit), and 
shield long vertical runs of cable by 
using metal tubing or pipe. 

For those equipped with a signal 
generator and spectrum analyser 
covering 1400-2000MHZz, there is the 
option of building a stub filter. 

These can be made by obtaining 
a pre-terminated length of small di- 
ameter 75Q cable, cutting the length 
in half, and adding an open circuit 
quarter wavelength stub at the join- 
ing point. 

Best results are obtained if small di- 
ameter hardline is used for the stub. 

From practical experience, we have 
found that a stub length of 30mm will 
give the stub a resonant frequency of 





* Technical Director, Av-Comm Pty Ltd 
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1500MHz and that this frequency in- 
creases by approximately 90MHz for 
every 1mm that is removed from the 
stub length. The photo shows single 
and dual stub filters. 

The dual stub filter achieves around 
70dB of rejection when the two stubs 
are separated by half a wavelength. 

Use the same formula to calculate 
the half wavelength, which should also 
be made from miniature hardline. 

The filters can be constructed on 
a strip of blank circuit board, and 
covered in heatshrink tubing after 
“alignment”. 

Alignment is achieved by very care- 
fully trimming the length of the stub 
using a sharp knife or scalpel. If you 
are building a two-stage filter, trim 
each stub by the same amount. 

Do not include the amount of hard- 
line stripped for termination in the 
above calculation. They apply only to 
the coaxial section of the line. 

As these filters must be power pass- 
ing, ensure there are no remnants of 
shielding that can accidentally short 
against the centre conductor at the 
open circuit end of the stub. Unfortu- 
nately, this type of stub has a lopsided 
frequency response and achieves only 
10dB of rejection per octave. This 
means the filter is quite broad. 

Those with less construction expe- 
rience can try inserting a 10dB atten- 
uator in the feed line to the receiver. If 
that doesn’t work, try inserting the “by- 





pass” leg of a dual input combiner. 

Replacing the LNB with one rated 
irom 3.7-4.2GHz will definitely help, 
although to date we have not 
found any dual-polarity mod- 
els that effectively eliminate 
the problem. This may change 
with time as manufacturers 
are persuaded to produce 
models with inbuilt filtering. 

Replacing a dual-po- 
larity type with a sin- 
gle-polarity model (as shown be- 
low) is a huge step in the right 
direction, as long as single polarity 
reception is acceptable. 

Many satellite systems have been 
sold for the viewing of ethnic chan- 
nels. Fortunately these tend to all be 
of the same polarity. 

If interference is severe, locate a 
reputable installer who uses a spec- 
trum analyser. 

Remember the interfering signal 
may be 70dB stronger than the satel- 
lite signal in severe cases, so some 
instrumentation is necessary to be able 


Single-polarity feed horn. 


to observe improvements. 

Interference is likely to be more se- 
vere when watching satellites having a 
low look angle, although this does not 
mean that dishes set to high elevation 
values are immune. 

Use a single polarity PLL LNB and, 
if necessary, purchase a waveguide 
filter for additional protection. 

Waveguide filters are designed with 
different loading on input and output 
ports. While they might appear cos- 


Freq 1/4. 1/2) 
_(Mhz Stub Stub 
į 1500 30mm 60mm 
59mm 


58mm 
57mm 


1590 29mm 
1680 28mm 
1770 27mm 





At top is a single open-circuit stub filter while at the bottom is a twin version. 


Once tweaked, they should be sealed in heatshrink or similar for protection. 


siliconchip.com.au 









Waveguide filter offers 70dB rejection. 


metically to be symmetrical, it is im- 
portant to observe the port markings. 
Using a waveguide filter in reverse 
provides very poor filtering. 

As a general rule, the grooved flange, 
designed to accept a gasket, must be 
mated with the feedhorn. 

Vendors warn that the use of sealant 
on the mating surfaces will substan- 
tially reduce the performance of the 
filter. 

Commercial installations requir- 
ing operation of both polarities 
will require two PLL LNBs and two 
waveguide filters, fitted to an ortho- 
mode coupler. 

There is a world of difference 
between ortho mode couplers. The 
type which work well have the LNBs 
mounted at right angles to each other. 
Those with LNBs mounted in the 
same plane are likely to suffer bad 
interference. 

In some early commercial installa- 
tions, orthomode feedhorn was used 
but as only one signal polarity signal 
is being utilised, only one port had an 
LNB fitted. 

This curious attempt at economy 
has the effect of providing a perfect 
conduit for the interfering signal to 
enter the LNB. 

Any unused port should be loaded 
with another LNB (there will be plenty 
of surplus 3.4-4.2GHz models lying 
around soon!). 

The recommended “kit” for C band 
installers seeking to rectify this inter- 
ference is as follows: 


Av-Comm interference buster kit: 


X1415 10dB line attenuator 

X1751 PLL combiner 

L1511 C band single polarity DRO 
LNB with filter 

L1515 C band PLL LNB 

F1300 single polarity feedhorn 
F1750 C band orthomode coupler 
F4000 Waveguide filter sc 
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BY JULIAN EDGAR 


Bulld a $2 battery charger 


Battery chargers needn’t cost a fortune. Here’s 
one you can build for a couple of bucks — or 
even less if you’re a good scrounger! 


ECENTLY, WE’VE described a 

very sophisticated lead-acid bat- 
tery charger in SILICON CHIP — in fact, 
perhaps one of the most sophisticated 
DIY designs in the world. But hey, it 
might be good but it also costs a lot 
more than a few dollars. 

This design? Well, it’s right at the 
other end of the scale — the $2 trickle 
battery charger! Sure, it takes a bit of 
fiddling to initially set up but after that 
you're laughing. 


The components 


This battery charger comprises just 
a plugpack, a resistor and a fuse. 

For charging a 12V battery, a plug- 
pack with a nominal rating of around 
13-14V and a current capacity of 
about one amp (1A) is fine. Low-cost 
plugpacks matching these specs can 
be found wherever consumer goods 
are being thrown away or being sold 





90 SILICON CHIP 


cheaply secondhand. Those with the 
required ratings were often used to 
power printers and older scanners. 

Make sure when selecting the plug- 
pack it has a DC (direct current) output. 
Some higher-powered plugpacks have 
an AC (alternating current) output as 
they’re designed for garden lights and 
so don’t need to rectify the AC to DC. 
The plugpack shown here was sourced 
from a shop at the local tip — half a 
dozen of them for $5. 

The resistor needs to be a high pow- 
er design (eg, 5W) with a resistance 
around 5Q. Lots of junked goods use 
high power resistors so always keep 
an eye out for these components 
— they’re amongst the few individual 
electronic components always worth 
collecting. 

Chassis-mount fuseholders can 
be found in amplifiers and in-line 
fuseholders in the supply wiring to 


A 1A 13.5V plugpack 
makes an ideal 
foundation for 

a trickle battery 
charger. Plugpacks 
like this can be 
picked up for nearly 
nothing at the tip and 
where secondhand 
electrical goods are 
sold. 





A high-power resistor limits the 
charging current flow, especially 
when the battery is well down in 
voltage. Always be on the lookout 

for high power resistors — they’re 
amongst the few individual electronic 
components always worth salvaging. 


car radios and amplifiers. The fuses 
themselves? Well, they’re in nearly all 
goods — and like high power resistors, 
fuses are always worth salvaging, sort- 
ing and storing. 


Building it 

Fig.1 shows the trickle charger cir- 
cuit. It’s really very simple. 

An unregulated 13-14V DC plug- 
pack has a no-load output of up to 
18V. Connect that straight to a flat bat- 
tery and more current will flow than 
is healthy for the plugpack — hence 
the need for the resistor. To set up the 
system (a once-only event), you'll need 
your multimeter, a fairly flat 12V bat- 
tery, the plugpack and a resistor with 
a rating of around 5Q 5W. 

Cut off the original low-voltage plug 
and use the multimeter to work out 
the polarity of the output — mark the 
positive lead. Then wire the plugpack 
to the battery as shown in Fig.2 —don’t 
forget to include the resistor! Switch 
on and use the multimeter to check 
the current flow. 

If for example the plugpack is rated 
at 1A (the rating will be written on 
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protection. 










FUSE 
if al) 






it) and in this test condition the flat 
battery is drawing more than 1A, in- 
crease the value of the resistor. If the 
current is a lot less than the maximum 
the plugpack is capable of, reduce the 
value of the resistor. If you find that 
there’s no current flow, even with the 
resistor completely removed, you need 
a better plugpack. 

Once an appropriate amount if cur- 
rent is flowing, leave the system charg- 
ing for a few minutes and then feel the 
temperature of the resistor. Careful: it 
may be very hot! Ifit is too hot to touch, 
increase the resistor’s power dissipa- 
tion. For example, if you are using a 
9£2 5 W resistor, you could try two 10 
5W resistors in parallel (resulting in a 
5Q 10W combination). 





Fig.1: the charger circuit is simplicity itself. The plugpack charges the 
battery through a high-power resistor, with a fuse providing additional 


RESISTOR 


Fig.2: the required value of the resistor is found by measuring the current 
flow when charging a fairly flat battery. The measured current in this 
situation should be less than the rating of the plugpack. 
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Size the value of the fuse to match 
the peak current flow that you’ve 
measured — eg, a 1A fuse if you've 
measured a maximum of 1A. If you 
don’t have any fuses of that value, go 
smaller rather than larger. 


Using it 

In practice, the trickle charger works 
very well. Feeling the temperature of 
the resistor gives an immediate indica- 
tion of battery voltage — if the resistor 
is warm, the battery’s voltage is still 
low and so charging can continue. If 
it is cold, measure the voltage of the 
battery to see how high it is. After a 
few charging events it’s easy to get a 
good feel (groan) for what’s happening 
in the system. SC 











Whenever you throw away an old TV (or 
VCR or washing machine or dishwasher 
or printer) do you always think that surely 
there must be some good salvageable 
components inside? Well, this column is 
for you! (And it’s also for people without 
a lot of dough.) Each month we'll use 
bits and pieces sourced from discards, 
sometimes in mini-projects and other 
times as an ideas smorgasbord. 

And you can contribute as well. If you 
have a use for spedi c parts which can 
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easily be salvaged from goods com- 
monly being thrown away, we’d love 
to hear from you. Perhaps you use the 
pressure switch from a washing machine 
to control a pump. Or maybe you salvage 
the high-quality bearings from VCR heads. 
Or perhaps you've found how the guts of 
a cassette player can be easily turned into 
a metal detector. (Well, we made the last 
one up but you get the idea. . .) 

lf you have some practical ideas, write 
in and tell us! | 
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Converting a 240VAC set to 
32V DC operation 


A 240VAC to 32V DC conversion? You must 
be kidding? Well, no — this project was 
undertaken to discover the differences in 
design and performance between sets using a 
“normal” 200-250V high tension (HT) supply 
and those with just 32V HT. 


Converting a 240VAC set to 32V DC 
operation is really doing things back- 
wards these days. After all, how many 
people have a32V DC supply available 
to power such a set? However, as well 
as checking out the performance dif- 


ferences after the conversion, I also 
wanted to determine which valves 
worked best with low HT voltages, 
particularly in the audio section. 

A redundant 240VAC mantel set was 
chosen as the guinea pig for this task. It 





This view shows the chassis layout of the converted 32V receiver, with the white 
arrow (top left) indicating the new 6BA6 RF stage. A chassis photo of a similar 
main-powered version of this set is on page 81 of the September 2004 issue. 
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proved to be an extremely interesting 
project, with some unusual challenges 
in design. A set with only 32V HT is 
not as “tame” as many might think. It 
ended up being a really hot performer 
— better, in fact, than the original set 
and still with only five valves. 


Ho-hum circuitry 

The design of typical 4/5 valve 
mains-operated receivers is rather 
“ho-hum” to most restorers. Typically, 
they include a 6BE6/6AN7 converter, 
6BA6/6N8 IF amplifiers, a6AV6/6BD7 
detector/first audio stage,a6AQ5/6M5 
audio output stage and a 6X4/6V4 rec- 
tifier. The circuitry is all fairly predict- 
able, with 200-250V HT on the plates 
and about 85V on the screens of the 
RF valves. The bias is usually obtained 
from a back-bias network. 

Of course, there can be quite a lot of 
variations in the circuitry and valves 
used but it’s usually nothing out of 
the ordinary. 


32V DC sets 


During the years between the 1930s 
and the 1950s, many radios were de- 
signed to operate from 32V DC lighting 
plants. That’s because many country 
areas did not have access to 240V AC 
mains until the early 1960s. 

There were two ways of supplying 


. power to a set connected to a 32V 


lighting plant. The first method was 
to wire the valve heaters (sometimes 
filaments) in series parallel across 
the 32V supply (to keep the current 
drain down) and to supply the plate 
and screen voltages from batteries 
or later on, from genemotors (small 
motor generators) or vibrator power 
supplies. 
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Above: rear chassis view of the converted 32V receiver, with the bias battery 





taped to the second IF transformer. Note that the 12DQ6A audio output valve is 
sitting where the power transformer was originally fitted. 


This meant that only minor modi- 
fications had to be made to a normal 
AG mains-powered set as far as the 
amplifying circuitry was concerned. 
Instead, the only section that required 
major alterations was the power sup- 
ply. This scheme worked quite well, 
with many fine highly sensitive 32V 
sets produced. In fact, they had to be 
good performers, as the average 32V set 
was located well out in “the sticks”. 

The second method of supplying HT 
power to the set was quite different 
to the first, with the HT being taken 
directly from the 32V. This meant that 
a fair amount of redesign was needed 
to get reasonable performance, since 
there was now just 32V on the plates 
of the valves compared to 250V for 


32V HT 











36V HT 
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mains-operated sets. 

Radio Corporation, in particular, 
produced a number of quite high- 
performance sets with 32V HT. How- 
ever, a set with 32V HT required eight 
valves to achieve the same perform- 
ance as a 5-valve vibrator-powered set. 
Radio Corporation sets typically used 
an RF stage, a converter, two 455kHz 
IF stages and three audio stages — the 
latter using two valves in push pull 
— to get the performance desired. 
Even then, only around 300mW of 
audio output was obtained from a 
pair of 25L6GT valves operating in 
push-pull. 


The conversion 
In order to simplify the task of con- 


AHT | | 
T | 12006A 12D06A 







44V HT 
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Table 1: plate current for the 35L6GT and 12DQ6A valves at different HT voltages. 
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structing a set with 32V HT, I decided 
to convert a typical 240VAC mantle 
set. A run-down HMV 61-51 mantle 
set was selected to be the guinea pig. 
I had no less than seven of these and I 
really wouldn’t miss one if the project 
was a flop! 

The first step in the conversion 
involved removing the power trans- 
former and rectifier valve, which were 
now redundant. However, the most 
critical sections of the set are the IF 
and the audio output stages. Initially, 
several valve data books were con- 
sulted to find out which output valves 
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would draw the most current with a 


HT supply of 32V. 

25L6GT and 35L6GT valves have 
commonly been used in push-pull 
in the audio output stages of these 
sets but I wanted to carry out some 
tests before committing myself. In 
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shows the circuit before the conversion was carried out. 


Fig.1: the HMV 61-51 a fairl 


the end, a test set-up something like a 
simple valve tester was constructed to 
measure the current drawn by various 
valves with 30-45V on the plates and 
screens and with various control grid 
bias voltages. 

Comparative tests were run on the 


35L6GT and 6DQ6A/12DQ6A valve 
types and as shown in Table 1, the 
12DQ6A draws more current at low 
voltages which was the characteristic 
sought. Using just one audio output 
valve (12DQ6A) would also eliminate 
the need to use a couple of audio trans- 
formers — after all, I wanted to keep 
it as near as practical to the original 
circuitry. 

To maximise the voltage across the 
valve, cathode bias was eliminated 
and the local oscillator was originally 
used to provide bias. This wasn’t suc- 
cessful and so another method had 
to be devised. The impedance of the 
audio output transformer also had to 
be altered from my original calculation 
— more on these two problems later. 

Initially, I also thought that the 
first audio stage would need a lower 
value for the plate resistor, since the 
voltage across it would be lower. This 
was tried but when the amplifier was 
fed with audio, the output was very 
distorted. 

R7 — a 10MQ grid resistor — was 
used to develop contact potential bias. 
This was too high in this instance, 
so this resistor was reduced to 1MQ, 
the valve now running on virtually 
zero bias. In addition, plate resistor 
R8 was increased to 330kQ and the 
audio from this stage was then quite 
satisfactory, an oscilloscope showing 
little distortion. 

It was now time now to get the out- 
put stage working properly. This had 
afew problems, as mentioned earlier. I 
had expected to be able to use a bias of 
-1,5V, plus a 600Q speaker transformer 
(the nearest I had to 1kQ) which had an 
output of 3.5Q to suit the speaker. 

Unfortunately, the output was still 
distorted. I tried substituting my 16Q 
workshop loudspeaker for the set’s 
speaker to see if that was causing 
the problem and the audio improved 
considerably. 

Talso experimented with the bias on 
the 12DQ6A and found that -3V also 
produced better audio quality — both 
from listening tests and as observed 
on the oscilloscope. Because the 
valve was now drawing less current, 
the speaker transformer impedance 
was recalculated and now came out 
at around 2kQ. As a result, a new 
transformer was installed and this 
then gave good results with the set’s 
original loudspeaker. 

I had expected to be able to tap off 
-3V from the local oscillator’s grid re- 
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Fig.2: this is the circuit of the HMV 
61-51 after conversion to 32V 
operation. Note the added 6BA6 

RF stage and the modified audio 
output stage which is now based on 

a 12DQ6A. There are lots of other 
changes as well, including additional 
RF filtering, a modified AGC circuit 
and bias changes to the 6BA6 IF stage. 


sistor, to bias the 12DQ6A. However, 
due to the low level of oscillator activ- 
ity, there was insufficient voltage avail- 
able to bias the output valve. I then 
tried increasing the oscillator activity 
but that caused other problems, so the 
oscillator circuit was left as it was. 

Another approach is to use cathode 
bias with the 12DQ6A. However, the 
audio output would drop by about 
20% when the 32V battery was down 
to 28V and there is only just enough 
audio output as it is. Some 32V sets 
actually used a battery to provide 
the bias and in the end, this is what I 
elected to do. It should last for years 
— in fact, those in some sets are 10-20 
years old. 


Parasitic oscillation 


Although the audio quality was now 
much better, the oscilloscope showed 
that the output valve was going into 
parasitic oscillation over part of the 
audio signal, thus causing distor- 
tion. This was cured by connecting a 
3300pF capacitor (C34) between the 
plate of the 12DQ6A and earth. It’s 
worth noting that the 6DQ6/12DQ6 
valves are quite high performance 
valves and have to be treated with care 
to prevent spurious oscillation. 

When the set was subsequently test- 
ed at 45V (which some lighting plants 
developed when at the end of the 
battery charge), the audio once again 
distorted on the peaks. I then remem- 
bered that some of these high-perform- 
ance valves require a screen stopper to 
overcome such problems and in this 
case, a 100Q resistor (R27) completely 
cured the audio distortion. 

Once this was all done, the 12DQ6A 
really worked well and the audio out- 
put was more than adequate. When 
it comes to doing design work and 
finding weird and wonderful faults, 
an oscilloscope is an invaluable piece 
of equipment! 


IF filtering 


Another worthwhile improvement 
involved fitting additional IF filters in 
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the audio stages. This prevents 455kHz 
IF signals from being amplified and 
then re-radiated back into the front 
end of the set where they can cause 
instability. 

The extra components involved 
here are C33, C35 and R26. Some sets 
have these components installed as 
standard but many manufacturers 
decided they could get away without 
them. This usually didn’t cause any 
problems but some sets do have in- 
stability problems due to this lack of 
IF filtering. 

Once again, the oscilloscope was 
handy here. It was able to show the 
amount of IF signal getting through 
each audio stage and indicate the ef- 
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fectiveness of the additional filtering 
components. 

The converter and IF stages were 
treated as a single unit and the only 
modification involved shorting out 
the screen dropping resistors (R5 
and R6). The set was then turned on 
and although it actually worked, the 
6BA6 was found to be faulty and was 
replaced. 

That done, the set was aligned and 
although the sensitivity was fair, it was 
hardly adequate for remote country ar- 
eas. And that meant that some further 
work would have to be done to solve 
this problem. 

Because most 32V radios have an 
RF stage, I decided to fit one to this 


set. However, since there is only a 
2-gang tuning capacitor, any RF stage 
would need to be untuned — unless a 
3-gang capacitor and an RF coil could 
be fitted. 

Once again, I didn’t feel like carrying 
out major surgery, so I opted to install 
an untuned RF stage. The design of 
this RF amplifier is similar to the video 
amplifier stages used in old valve TV 
receivers. In this case, I designed the 
untuned amplifier to have a cut-off 
frequency of around 2MHz (note: the 
1948 Philips portable model 111 used 
this technique as well). 

As shown in Fig.2, a 6BA6 was 
selected as the RF amplifier and the 
“video” circuit was designed to couple 
the 6BA6 to the following 6BE6. These 
untuned amplifiers are rather different 
in design to a “normal” tuned ampli- 
fier. They aren’t particularly complex 
and require no tuning but their total 
gain is lower because the circuit is 
broadband. 

Once installed, the RF amplifier 
stage boosted the performance of the 
set such that it now equals almost any 
other 32V set with an RF stage. The 
components forming the matching 
and peaking network between the RF 
amplifier and the converter are R21, 
R22, L4, L5 and C31. 


AGC tweaks 


By now, the set was beginning to 
show real promise. However, further. 
testing revealed that the sound dis- 
torted on strong stations. 

This is a sign of problems with the 
AGC system and with such a low HT 
voltage, the IF stage(s) are particularly 
sensitive to too much or too little bias 
voltage. The IF stage was overload- 
ing so to overcome this problem, the 
AGC was removed from this stage and 
contact potential bias was obtained us- 
ing a 10MQ resistor (R24) in the grid 
lead. Capacitor C9 functions as the RF 
bypass for the IF transformer. 

In addition, by taking the signal for 
the AGC diode from the plate of the 
6BA6 IF valve, a higher AGC voltage 
was obtained. This meant that the IF 
valve was no longer overloaded, even 
when high signal levels were encoun- 
tered. As before, the oscilloscope was 
very useful for determining where the 
overload was occurring, which made 
it easier to find a solution. 


Power supply 


The power supply circuit for a set 
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An under-chassis view of the converted receiver, with the RF inter-stage coupling 
components visible near the tuning drive. The 12DQ6A audio output stage wiring 


is at the lefthand end of the photograph. 


that uses 32V DC as the HT voltage 
is very simple. The voltage supplied 
from a 32V electric lighting plant is 
nominally 32V but does vary widely, 
depending on the state of charge of 
the battery bank. Typically, with 16 
cells, it will vary between about 28V 
with a flat battery bank (allowing for 
voltage drop in the power cables) to 
around 40V (ie, 2.5V per cell) at the 
end of charging. 

In some cases, to overcome the volt- 
age drop in the power cables under 
load, one or two additional cells were 
added to the bank. This meant that the 
voltage would rise to 45V at the end 
of a charge. 

This variation is really too much 
for the valve heaters, so the on/off 
switch in most 32V sets is a 3-position 
switch, with the third position labelled 
“charge”. The switch positions in or- 
der are “off”, “charge” and “on 

In the “charge” position, a resistor is 
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placed in series with the heaters and 
dial lamps to limit the voltage applied 
to them when the battery bank is on 
charge (in this set, S1 performs that 
function). Note that in many vibrator- 
powered sets, the current to all sec- 
tions of the set is usually fed through 
a 10Q resistor to drop the voltage to 
around 32V when the batteries are on 
charge. 

To minimise electrical noise (inter- 
ference) entering the set and causing 
problems, a filter consisting of capaci- 
tor C36 and a 10mH choke is installed. 
The audio ripple on the 32V line when 
charging is taking place is removed by 
capacitors C17 and C21. 

Finally, note that decoupling resis- 
tor R10 is quite low in value, to mini- 
mise the HT voltage drop. 


Summary 


Several main points have emerged 
from this very useful exercise: 
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(1) A set with only 32V HT on the 
plates and screens of the valves can 
perform as well as a set with a HT 
voltage of 250V. 

(2) To achieve good sensitivity, five 
stages are needed compared to four 
stages in a normal mains-operated 
receiver. 

(3) Care is needed to ensure minimum 
voltage losses, particularly in the plate 
and screen circuits. 

(4) Only minimal RF bypassing is re- 
quired. The sets are remarkably stable, 
due largely to the relatively low gain 
per stage. 

(5) The AGC circuit needs to be care- 
fully designed, to avoid overloading 
the IF stage(s). 

(6) A valve which draws reasonable 
currents on low voltages is required 
for the audio output stage. 

(7) Careful design is requited in some 
sections of the circuit to achieve good 
results on low voltages. 

That’s it — a fun project just to show 
what the differences are between sets 
running on normal HT voltages and 
those running on low -a SC 
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PRACTICAL RF HANDBOOK... $69.00 
PRACT. VARIABLE SPEED DRIVES/POWER ELECT............ $85.00 
SERVICING TV SATELLITE & VIDEO EQUIPMENT............. $70.00 
TELEPHONE INSTALLATION HANDBOOK ..........0 cee $69.00 
UNDERSTANDING TELEPHONE ELECTRONICS...............0 $70.00. 


VIDEO & CAMCORDER SERVICING/TECHNOLOGV............$69.00 
VIDEO SCRAMBLING/DESCRAMBLING ...ssssssssssstus sensn $8 





Widely regarded as the standard text on EMC, provides all the key information 
needed to meet the requirements of the EMC Directive. Most importantly, it 
shows how to incorporate EMC principles into the product design process, 
avoiding cost and performance penalties, meeting the needs of specific stand- 
ards and resulting in a better overall product. 360 pages in paperback. 


Based mainly on British practice and first published in 1997, this book has 
much that is relevant to Australian systems as a guide to home and small 
business installations. A practical guide to installation of telephone wiring, 
ranging from single extension sockets to PABX, with the necessary tools, test 
equipment and materials needed by installers.. 178 pages in soft cover. 
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Eugene Trundle has written for many years in Television 

magazine and his latest book is right up to date on TV and video technology. 
Includes both theory and practical servicing informationand is ideal for both 
students and technicians. 382 pages, in paperback. 
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Based on popular short courses on the PIC, 

for professionals, students and teachers. Can be used at a variety of levels. An 
ideal introduction to the world of microcontrollers for hokovists, students and 
professionals. 255 pages in paperback. 


Over 1000 projects, sourced from Scientific American over 70 years. See review October '04 issue, 
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Part 3: the windmill platform - by Glenn Littleford* 






The windmill platform has to perform several tasks. It must support the 
thrust and weight of a propeller, support the alternator and drive shaft 
from the propeller, include some sort of tail furling system, provide a 
mounting point to the tower, be strong enough to survive high winds and it 
must be easily maintained and modified. If possible, it should also allow 
some means of getting the generated current from the alternator to the 
ground without the power leads becoming twisted, stressed or breaking. 
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his windmill platform is available as a kit consist- 

ing of laser-cut steel parts, stainless steel nuts and 

bolts and a set of new bearings. The steel sections 
are grade 250 mild steel, 8mm thick, and designed to fit 
together easily. 

Also included are the 4mm steel propeller hub plates, 
machined propeller adapter, a 200mm length of steel rod 
and a 100mm length of steel tube (these form part of the 
propeller hub and tail assembly). 

Not included with the kit is the tail boom, a 1000mm 
length of 22mm steel tube, or tail. Why aren’t they in- 
cluded? 

Well, the whole kit packs into a 350mm square box for 
delivery. If the tail boom and tail was included, a much 
larger package would be needed and the extra delivery costs 
would far outweigh the cost of the tail parts themselves. 

You can pick up a length of 22mm steel tube for less than 
$10 new (or from the local scrap metal yard for a couple 
of dollars) and the tail fin can be made from a small sheet 
of scrap plywood or steel. 

The tail boom and tail fin (3mm aluminium, approx 
600mm by 500mm) can be- included with the windmill 
kit if requested. 

If you decide to make your own tail fin (and I recom- 
mend you do), why not get creative with your design? I’ve 
seen tail fins shaped and painted like chickens, pigs and 
cattle dogs. 

Fig.1 shows the windmill platform parts. The platform is 
designed to be easily assembled. You will need only some 
basic tools and access to a welder. 

There are two new bearings included with the kit: a 6005 
(which is the same one F&P use in their washing machines); 
and a heavy duty 56205 bearing and F205 carrier to support 
the weight and thrust of the propeller. 

The windmill platform is designed to be bolted onto a 
car wheel hub at the top of your mast. We.are using a car 
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Tack and weld the hinge tube and tail boom to the tail 
brace. 





*www.thebackshed.com 
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Fig. 1: view of all the laser-cut steel parts 
making up the windmill 
platform. 








Tail Stop Plate 


Base Plate 


Front Bearing Hinge Rod 


Support 





Rear Bearing 
Support 








i Spacer Plate 
ce Tail Boom 


Hinge Tube 





hub for strength and reliability. Car hubs are designed to 
carry over a ton so you will never need to worry about this 
bearing failing, 

But there is a disadvantage: because we use a car bearing 
our drop wire needs to feed down the side of the windmill 


TEE 


a a S A 
Toi pm dia -i x r j Si 
HE mee Bee 
r s sn A 
r i 
1 bn ni 





Mount the base plate in a vise, fit and tack-weld the front 
and. rear bearing supports. Check they are square before 
fully welding. 
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Fig. 2: alternative to using a car hub 
bearing. If the wind in your area 
changes direction several times a day 
you might need to use a yaw bearing 
like this. 


and mast, not down the middle of it. So after a few wind 
changes (a windmill changing direction to face the wind 
is called a “yaw”) you may find your drop wire wrapped 
around the mast. 

On my windmill I have a rope tied to the tail with a 
tennis ball attached to the end that I can reach from the 
ground. About once a week I grab the tennis ball and walk 
the windmill around to unwind the drop wire. The rope is 
also handy to point the windmill in one direction by tying 
the rope to a tower guy wire. 
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Fit the hinge rod, short and long hinge nists And tail PEDI 
plate, tack and fully weld. 
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/ Fig. 3: top view of the 
=; windmill platform 

=; showing the stator and 

=» bearings placement. 


If you are in a location where the wind changes direc- 
tion several times a day, you might want to look at another 
option (see Fig.2). 

Using this design you can feed the drop wire down the 
middle of the mast, allowing the windmill to spin around 
several times before the twist in the drop wire becomes 
a problem. Occasionally you would still need to untwist 
the wire. 

This approach is not as strong and reliable as the car 
bearing. A better option still would be to use the car hub 
and bore a 10mm hole down the center of the stub axle. 
Doing so shouldn’t weaken the hub enough to be aconcern, 
but you will need access to a good lathe and some sharp 
drill bits as stub axles are very hard! 





Once the weld has cooled, clean up the metal work with a 
wire brush, then apply a few coats of paint to prevent rust. 
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Commercial windmills overcome the yaw problem by 
using a set of slip rings and brushes to connect the drop 
wire to the windmill. This is a little complicated to explain 
here but it has been done by windmill enthusiasts. 

I’ve chosen the common Holden hub pattern for this 
windmill as these are readily available from trailer sup- 
ply outlets, If you have another hub pattern that you want 
to use, the kit can be supplied to suit at no extra charge, 
providing the hub diameter does not exceed 140mm. 

The tail used on our windmill is of the self furling type, 
which means the tail is designed to turn the windmill] out 
of the wind if the wind speed or load on the windmill 
blades exceeds a safe point. 

So how does it work? You will notice the windmill pro- 
peller is offset to one side of the mast by exactly 100mm. 
So as the wind blows against the propeller, the whole 
windmill will want to turn away from the wind. 

Our tail is on a hinge of sorts, angled back and angled 
out to the opposite side of the propeller. This angle means 
the tail wants to turn downward and out (just like when 
you are asked to move a mate’s fridge, as soon as you lean 
the fridge back the door opens and gets in the way ). We 
have placed a stop on the hinge, so the tail will stop when 
it is pointing directly back from the windmill. 

When the windmill in running in normal winds, the 
weight of the tail is enough to keep the tail against this 
stop and therefore keep the propeller facing the wind (re- 
member the tail will always be downwind). As the wind 
speeds up the force against the propeller will reach a point 
where it exceeds the weight of the tail. The propeller will 
start to turn out off the wind and the tail will turn upward 
on the hinge. 

While gravity wants to pull the tail back down, the force 
of the wind keeps the tail downwind, where it balances 
against the force of the propeller trying to turn the wind- 
mill around. 

As the wind picks up the tail will lift higher, until it 
reaches the top hinge stop. At this stop the tail is almost 
in line with the propeller, which is almost at right angles 
to the wind. 

The furling is adjusted by adding or removing weight 





The bearing, bearing plate and spacer plate fit into the 
stator as shown. The gap in the spacer plate is to clear the 
welding on the rear bearing support. 
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from the tail or changing the tail boom length. If you find 
your windmill is turning out of the wind too early, try add- 
ing some weight to the tail, or move the tail further out (and 
vice-versa if the tail doesn’t furl early enough). 

This method of furling is very simple and reliable and 
has been in use for hundreds of years. 


Putting it all together. 

Included with the windmill kit is a full set of detailed 
instructions but I’ll show you the basics here to give you 
an idea of how the windmill is assembled. 

All the steel parts in the kit are laser cut. Laser cutting 
leaves a loose flaky edge on the steel, and this needs to be 
removed — easily done with a wire brush or coarse sand 
paper. 

Also check that the 6005 bearing fits into the bearing 
plate. As this part is laser cut it should be a nice fit but 
sometimes parts are a little too tight. If so, grab a metal file 
and file off any excess metal until the bearing slides snugly 
into the adapter. 

Secure the base plate in a vise and slide on the front and 
read bearing supports, then tack-weld together. Check all 
is square before fully welding (either stick or mig welding 
is fine). Allow to cool before proceeding. Next fit the tail 
stop, short and long hinge plates and hinge rod to the base 
plate and weld together, making sure you have the tail stop 
plate the right way around (see Fig.1). 

You will also need to weld the tail brace to the hinge 
tube and tail boom. If you use a length of galvanised pipe 
for your tail boom, be warned that welding galvanised steel 
gives off some very toxic fumes, so use a gas mask with 
suitable filter and weld in a well ventilated area. 

Once the parts have cooled down give them a going over 
with a wire brush to remove any welding splatter and slag, 
Then paint them with a good metal paint, such as ‘“Killrust” 
or engine enamel. 

Press the 6005 bearing into the bearing plate. It will sit 
flush on one side but on the other side, the side which fits 
into the F&P stator, it will poke out 4mm. 

Using the four 6mm bolts, fit the stator retaining plates, 
stator, bearing plate and sparer plate to the rear bearing 





Almicst finished: the stator, drive shaft ana front bearing 
fitter. 
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support on the windmill platform (see Fig.3). 

Now slide in the drive shaft from the front until it pokes 
out the back of the stator, screw on and tighten the drive 
shaft retaining nut, and then tap the drive shaft forward 
until the retaining nut is home. Add a drop of Loctite to the 
retaining nut, being careful not to get any on the bearing. 

Next slide on and secure the front bearing using the four 
12mm bolts. The front bearing has a grease nipple, so pump 
in some bearing grease to fully lubricate the bearing, then 
tighten the two grub screws onto the drive shaft. 

Check that the drive shaft spins freely. If there is any 
resistance, loosen and re-tension the stator bolts. 

Now screw on the magnet hub. The hub is designed to 
mesh with the shaft spline while the plastic retaining nut 
will slowly feed the hub over the stator as it is tightened. 
Try rotating the hub to check that the hub is not binding 
against the stator. 

You should feel a distinct cogging as the hub rotates 
— this is normal. Be aware that the stator will be generating 
electricity as you rotate the hub, so treat the connections 
as live and possibly shocking! 

Mount the windmill level. I use a “test stand” for this. 
It’s basically a mast about 1.5m high. 

Apply a little grease to the tail rod and slide on the tail 
boom, making sure it can rotate freely. If it’s a little tight, 
remove any burs or seams inside the tail hinge tube with 
a round file. 

Now with the windmill level and the tail pointing directly 
out the back of the windmill, position the tail fin on the tail 
boom, clamp with a couple of G-clamps and check that it 
is straight up and down. Then mark and drill the tail fin 
bolt holes. It’s not critical that the tail fin is vertical but it 
definitely looks better. 


Mounting the rectifier 


As we mentioned last month, the output of the windmill 
is AG and you need to rectify that to DC before using to 
charge batteries, etc. 

You can mount your rectifier either on the windmill (at 
the top of your mast), or at your battery bank. One advantage 
of mounting on the windmill is that the rectifier is up in a 


Screw on the magnet hub and check that there is no 
binding or scraping. Remember the stator terminals will be 
live while the hub is rotating. 
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cool breeze, plus you only need to run two wires from the 
windmill to your battery’s positive and OV terminals. 

If you place your rectifier near your batteries, you will 
need to run three wires from the windmill (or six if you 
plan to experiment with delta/star configurations) but you 
won't have to worry about water ingress into the rectifier 
or taking your windmill down if the rectifier fails. 

The windmill base plate includes a few extra bolt holes 
for mounting the rectifier, and a 20mm hole to suit the 
supplied cable retainer to support the drop wire. 


The kit 


The windmill kit is available via my website, www. 


thebackshed.com. The web site includes detailed instruc- 


tions, a bunch of photos of my windmill creations, and 
other windmill projects including a “Mini-Mill” using a 
stepper motor from an old PC floppy drive. 

SC 


Next month 


In the final part | 
to this series, 
we will look at 
a couple of pro- 


} peller options, 


basic propeller 
blade designs, 
and some op- 
tions for a mast. 








With the windmill mounted level, fit the tail boom and 
align the fin vertically, then drill and bolt to the tail boom. 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of j jargon o: or some technical principle? Drop us a line 
and we'll answer your question. Write to: Ask Silicon Chip, PO Box 139, Collaroy Beach, NSW 2097; or 





send an email to silchip@siliconchip.com.au 


Compressor for 


PA system 

On your PortaPAL PA system (SILI- 
CON CHIP, February & March 2003) that 
uses the TDA1562Q Philips IC, do you 
have a companion audio compressor/ 
limiter circuit or an audio bandpass 
input filter so as to limit the input for 
voice passband only and to avoid clip- 
ping/over-modulation? (B. M., Minn- 
eapolis, USA). 
@ We published a single chip com- 
pressor for microphones and guitar 
in March 1999. The signal would 
need to be connected after the initial 
balanced microphone preamplifier. 
A CD compressor was published in 
June 2000. 


Antenna connection 
for FM tuner 


Can FM radios that only have a 
“flying lead” as an FM antenna (ie, 
they have no 75-ohm coax input) be 
connected or matched to a 75-ohm 
TV/FM antenna wall outlet? If so, how 
is this done? 

TDK has released a wonderful slim- 
line CD/tuner system (NX-03CD) but 
unfortunately it doesn’t have a coax 
antenna input. I’d like to be able to 
connect this system to my rooftop TV/ 


FM antenna, as reception is marginal 
on some FM stations with only the 
“flying lead” antenna that’s provided 
with this system. (R. B., via email). 

® You can connect the tuner’s flying 
lead to the centre pin of a coax wall 
socket. It won’t be as good as a full 
coax connection but it will be better 
than nothing. 


Polystyrene 
foam cutter 


I have a faint memory of seeing an 

article on constructing a polystyrene 
foam cutter in an electronics magazine. 
Have you ever published such an 
article and if so is it still available for 
purchase? (D. G., Bicton, WA). 
è A hot wire cutter was described in 
the April 2000 issue of SILICON CHIP. 
The back issue is available for $8.80 
including GST and p&p (Australia). 


Modifying PC 
ATX supplies 


In the July 2004 article outlining 
how to modify a switchmode power 
supply to provide 700V, the schematic 
shows T2 as a transformer that drives 
the primary switching transistors. The 
text and photos don’t seem to show any 
thing about this transformer. I was just 


wondering how that part of the circuit 
works. Also is there any difference in 
modifying old PC supplies vs ATX 
supplies? (A. L., Mosgiel, NZ). 

@® Notshown on the circuit are several 
components used to bias the bases 
of Q1 & Q2 ahead of the transformer 
(T2) secondary inputs. A transformer 
is used here is to isolate the primary 
side from the secondary side control 
circuits, as well as to “level shift” the 
drive signals to the switching transis- 
tors. 

As this part of the circuit varies 
between supplies, and also because 
it wasn’t part of the modifications, we 
omitted that sort of detail to make the 
circuit easier to follow. 

ATX supplies can be modified but 
are significantly more difficult to 
work with unless you have SMPS ex- 
perience. They include an additional 
(+3.3V) higb-current rail and a dedi- 
cated standby power circuit. You’ll 
find an example of an ATX power 
supply circuit on this page: 
www. pavouk.comp.cz/hw/en_atxps. 
html 


Sensitivity reduction 


for Dog Silencer 


I have just built the “Shut that Mutt” 
kit featured in the April 2004 issue. 





Y/C Separator 


Pm having a problem with the 
Video Enhancer & Y/C Separator 
project described in the August 
2004 issue. In short, what should 
the “amplified bursts” at D1 look 
like? At first I wound too few turns 
on L1 and got the peak burst with 
the slug right in. Then I wound too 
many and the peak was with the 
slug right out. 

I now have the right number of 
turns, as I’m getting the peak with 
the slug part way in. However, the 
amplitude is only about 1.7V p-p. 
The top of the burst is at about 1V, 
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which is not enough to switch IC4d, 
whose output is always high. Con- 
sequently, Pm not getting any “PLL 
error signal” either. The “trimmed 
BG pulses” are good and IC10c is 
gating the burst onto the base of Q1, 
at about 0.3V p-p. 

What sort of amplitude should I 
be getting for the “amplified bursts” 
going into IC4d? What could be 
wrong? (R. S., via email). 

è The amplified gated bursts at 
D1 should look like a short burst 
of reasonably constant amplitude 
sinewaves (at 4.433MHz), with 


a tapering start and finish. They 
should have an amplitude of about 
2.5V peak to peak, with the negative 
peaks at roughly OV (because of the 
action of D1). As a result, the output 
at pin 11 of IC4 should be essen- 
tially a square wave version of the 
bursts, with a peak-peak amplitude 
of almost 5V. 

Perhaps your coil L1 is still not 
peaking properly at 4.43MHz, as 
this would give most of the symp- | 
toms you describe. Either that or | 
perhaps Q1 is faulty and has very | 
low gain. : 
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HightPowerUltrasonicyAmplifier, 


I am interested in building an 
ultrasonic cavitation unit and need 
some help selecting a suitable am- 
plifier to power the transducer. | 
am going to use the DSE K2802 kit 
or the low cost 10MHz function 
generator detailed in the May 2003 
issue of SILICON CHIP. The frequen- 
cies I am interested in amplifying 
are from 20-120kHz at around 100- 
150W power. The transducer has a 
10-ohm impedance. 

Could you please suggest a suit- 
able amplifier and the modifications 
required for operation in this fre- 
quency range? (A. W., Tenterfield, 
NSW). 

@ We have no power amplifier de- 
sign suitable for continuous power 
delivery at 120kHz — virtually no 
audio power amplifier is suitable as 
the power dissipation in the output 
and driver stages will be very much 
higher at ultrasonic frequencies 


The device really does seem to work 
on our dogs but I have a problem. It 
appears to be triggering all the time and 
I have no adjustment on the sensitivity 
control; its either off or on. Any ideas 
please? (G. L., Thebarton, SA). 

è You may want to try reducing the 
gain of Q2 or Q1. Try connecting a 
470Q resistor in series with the emit- 
ter of Q1. 


Larger toroid for 


auto ammeter 


I wonder if you can give me some 
advice on the 0-80A Auto Ammeter de- 
scribed in the June 2002 issue. I bought 
the kit from Jaycar but the ferrite core 
suppressor only takes cables up to 10- 
12mm diameter. My car has two main 
cables off each terminal, along with a 
couple of smaller ones. The two main 
ones are about 8 or 9mm each (ie, two 
big cables off each terminal). These 
will not fit inside the ferrite core. Can 
you suggest what I should do? 

Also with the Smart Fuel Mixture 
Display kit for EFI cars, I put in high 
brightness LEDs instead of standard 
ones. Can I put a potentiometer in the 
circuit to adjust the brightness inde- 
pendently of the LDR? If so, where and 
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than in the audio range. 

This is despite the fact that many 
audio amplifiers have a frequency 
response well beyond 100kHz. 
However, this is usually measured 
at only 1W and any attempt to up 
the measured power at 100kHz 
would have the immediate effect of 
burning out any Zobel network or 
similar filter in the output, as well 
as causing the output and driver 
stages to seriously overheat. 

The cavitation transducer is also 
likely to be a piezoelectric type 
which means that it will present a 
highly capacitive load to the ampli- 
fier and this means its impedance at 
120kHz is likely to be very low. Your 
quoted figure of 10Q probably ap- 
plies to much lower frequencies. 

It may be possible to modify a 
high-power Mosfet amplifier to do 
the job but there could be a lot of 
work in doing so. 





what value? (D. A., via email). 

è You can use a toroidal core such as 
the Jaycar LO-1238 instead of the sup- 
pression core. The toroid will need to 
be split in half for the Hall effect sensor 
to be placed in the gap. Score the toroid 
so it can be split in half. 

The brightness of the Smart Fuel 
Mixture Display can be varied by alter- 
ing the 680Q resistor at Q1’s emitter. 
A larger value will reduce brightness. 
Use a 2kQ trimpot to adjust to the 
required level. 


Substituting ignition 
coils in a Fuego 

I own a 1985 Renault Fuego with 
an electronic ignition unit that can 
no longer be replaced. I have diag- 
nosed that the HT coil secondary is 
open-circuit, resulting in no HT spark, 
although the unit provides the timed 
pulse correctly, as verified by a lamp 
test across the primary. 

The data shows that the primary 
should be 0.4-0.6Q and the second- 
ary 2-12kQ. To my thinking, this 
represents roughly a 12,000:1 ratio 
delivering around 144kV for the HT, 
although my research shows that most 
systems tend to be 15-60kV. 


Wouldn’t I be able to use a common 

automotive coil instead of trying to 
match this rare and expensive Renault 
item? I know there are Renault owners 
all over the country that would love to 
explore this. (F. G., via email). 
@ The resistance ratios do not indicate 
the turns ratio of the coil. However it 
we would certainly be inclined to give 
a conventional ignition coil a try — not 
a sports coil. 


12V traffic 
lights 

I was wondering if you would have 
any idea how to make a set of simple 
traffic lights. It needs to be biggish, 
start on red by default, then yellow, 
then green and run from 12V. (A. T., 
Griffith, Vic). 
@ We published a LED traffic light 
design for a model railway layout in 
the May 1997 issue. This could be 
extended to a larger system with in- 
candescent lamps instead of LEDs but 
you would have to upgrade the power 
supply and the switching transistors. 


Solar battery 


charger question 


I have a question about the solar 

battery charger published in March 
1993. I am using this to charge a bat- 
tery for a weather station data logger 
(based on the PICAXE logger) and I 
am concerned that the LEDs on the 
charger display may drain the battery. 
Can I somehow leave them out? (E. P., 
via email). 
@® The LEDs are isolated from the bat- 
tery by diode D2 so they don’t drain the 
battery when it is not being charged. So 
there is no need to leave them out. 


50V speed 


controller wanted 


Some time ago, you published a 

design for a motor speed controller 
for a wheelchair and it was rated to 
50V. Is a reprint available? (M. R., via 
email). 
@ We have not published a speed 
control of any sort to work at 50V. Nor 
have we published a design suitable 
for forward/reverse which you would 
need for a wheelchair. 

About the most suitable design 
that could be adapted would be our 
Railpower Train Controller from Oc- 
tober, November and December 1999. 
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It could be used at up to 24V without 
modification, apart from a bigger heat- 
sink for the output stage. It would be 
limited to less than 10A though. 

Alternatively, you could have a 
look at the 50A controller for models, 
published in the May 2000 issue. It 
would need a high power changeover 
relay for reversing. 

However, a 50V 5kW speed control- 
ler was published in the October 1994 
issue of “Electronics Australia”. This 
is very high power for a wheelchair 
and was claimed in the article to be 
enough to do “wheelies”! We’re not 
surprised. It also requires a relay for 
reversing but it would need to have a 
very high rating. 

We can supply a copy of this article 
for $8.80 including postage and pack- 
ing within Australia. 


Turbo timer 
help needed 


I bought a Turbo Timer kit from 

Jaycar Electronics and can’t get it to 
work properly. The reset works, the 
thermostat works, the time-out works 
but the relay cuts in as soon as the 
switch wire is powered up which 
should only happen when the power 
is removed from it. Please help. (P..H., 
via email). 
@ The fact that your timer immedi- 
ately starts operating when power 
is applied suggests a mistake in the 
trigger circuit involving the 2.2uF 
capacitor. Check all the components 
around it. Our prime suspect is the 
1.8kQ resistor. Check that it is con- 
nected properly. 


Multi-Spark CDI 


makes squealing sound 


I have just built the Multi-Spark 
CDI system and notice on the test 
bench that it makes a fair bit of high- 
frequency semi-random audible noise 
from the inverter. I don’t have a coil 
or trigger connected at this point in 
time but is this normal for a no-load 
condition? 

Could it be just that the circuit is 
regulating the 300V? This voltage is 
correct as well. I’m just checking all 
is well before I assemble the unit into 
the case. (A. H., Dunedin, NZ). 
© You get a sort of squealing/squelch 
noise as the circuit regulates — it is nor- 
mal. However, once you get it installed 

on the motor, you will also find that 
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Tone|Gontrols|Eormne|SC4c0)Amplitier 


First of all, I would like to thank 
you for an excellent magazine, 
which I think is possibly the best 
of its kind on the planet. I recently 
built two SC480 modules (SILICON 
CHIP, January & February 2003) and 
have housed them in a nice rack- 
mount case purchased from Jaycar. 
It all went very smoothly until the 
moment of the real test. 

I connected a set of speakers and 
tried to drive it using a mixer. Un- 
fortunately, a worn out cable of the 
right speaker shorted out and bang, 
there goes my right module. Not 
only fuse F1 went but my beautiful 
Motorola transistors Q11 and Q12 
went, much to my disappointment. 
I would have thought that you have 
built in enough protection via the 
Polyswitch PTC and fuses Fi and 
F2 so disasters like this could not 
possibly happen. 

After this little drama and all my 


the squealing is modulated each time 
the coil fires. 


Switchmode power 
supplies for amplifiers 


I enquired some time ago about 
supplying a car-style audio amplifier 
from 240V AC. As you commented at 
the time, a high power 13.5V supply 
would be both expensive, weighty and 
cumbersome, given that the quality of 
the average auto amplifier was mini- 
mal anyway. 

Well and good but still having the 
amplifier on hand, I decided to ex- 
periment a little. I tested the output 
of the switchmode power supply of 
the amplifier and found that it sup- 
plied +35V DC to the output stages. 
I therefore tapped into the circuit at 
this point and supplied the amplifier 
from a separate power supply con- 
sisting of a 500VA transformer, four 
10,000uF electros, 35A bridge rectifier, 
etc. | mounted the lot together with a 
couple of cooling fans in an old AT 
computer case and had myselfa usable 
amplifier of around 80 watts RMS per 
channel, all with a built in subwoofer 
filter/decoder. 

Itis not very hifi but a useful adjunct 
when a bit of extra grunt was called for 





neat work revisited, finally the unit 
was switched on and I must say the 
performance is very impressive. 
Now how about a nice preampli- 
fier with tone, balance and volume 
controls, to drive this little beast? 
(P. T., via email), 
® We are really surprised that you 
blew the output stage. We would 
have expected the PTC to protect 
things. As far as tone controls, etc 
are concerned, you might want to 
have a look at the 50W/channel 
amplifier described in the March 
& April 1995 issues. This had a 
separate tone control board which 
you might want to use. 
Alternatively, have a look at 
the remote volume control board 
published in the July 2002 issue. 
This did not have tone controls 
(you don’t need 'em anyway — the 
amplifier is so good) but does havea 
remote motorised volume control. 


ina PA situation. The supply still cost 
something like $300 to put together 
which still made for an expensive 
amplifier. 

Which brings me to my question. 

Why do all or most amplifier designs 
use large, expensive iron-cored trans- 
formers and lots of large (expensive) 
filter capacitors, etc, while switch- 
mode power supplies are a lot less 
expensive and lighter? They are used 
in audio circuits (computers for one), 
so why not for power amplifiers? (T. 
C., via email). 
@ Quite a lot of cheap home-theatre 
systems now use digital amplifiers 
and switchmode power supplies. And 
while some higher quality amplifiers 
do use switchmode power supplies 
they have not become popular with 
most manufacturers, possibly because 
of concerns about radiated hash. 


Light control 


for greenhouse 

I am looking for a way to turn on 
and off five 250W lights with a light 
sensor; one sensor to turn lights on 
and another one to turn them off. It is 
for an indoor greenhouse and I want 
to augment natural light with artificial 
light so they get 12 hours of light a day. 
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FueliConsumption|MetenRorDiesels 


I drive a diesel vehicle and would 
like to be able to observe my fuel 
consumption while driving, dis- 
played digitally in litres/minute 
to two decimal places. The idea is 
so I can learn what combination 
of speed/load/gears/etc gives the 


best economy. Being diesel, there 
is fuel going into the injectors but 
fuel not used returns to the tank 
(bypass line). 

Do you know of a product on 
the market or a kit I could build to 
do this job for less than $500. The 
engine uses a maximum of 1 litre/ 
minute. (G. D., Gibson, WA). 


The artificial lights will have to adjust 
to the schedule of the Sun. Any ideas 
would be greatly appreciated. (B. T., 
Edmonton, Canada). 

@ Have a look at the Sunset Switch 
described in our June 2003 issue. This 
is available on our website or we can 
send you the printed issue for $10.00 
(Australian dollars) airmail. 


Troubleshooting the 
Speed Alert 


I built a Speed Alert kit (SILICON 
CHIP, November & December 1999) 
a few months ago. I have double- 
checked everything and everything 
is correct. The LEDs light up but I get 
no display; no numbers at all. I have 
tested them with a multimeter and 
everything seems to be OK. Have you 
any idea what could be wrong? (S. W., 
Moss Vale, NSW). 

@ You will need to do some trouble- 


è One possibility might be to 
adapt the August 1995 Fuel Injector 
Monitor. This provides a bargraph 
indication of the injector duty cycle 
up to 100%. It does not show the 
consumption but fuel consumption 
will be directly proportional to in- 
jector duty cycle. It can be used on 
any motor, diesel or petrol, which 
uses solenoid injectors. 

A better design might be the Duty 
Cycle Meter that was described in 
our new book “Performance Elec- 
tronics For Cars”. This displayed 
the injector duty cycle on a 2-digit 
LED readout. 





shooting. For example, is there voltage 
at the emitter of Q4? If not, you may 
have a problem with IC2b or Q4. Our 
bet is that you have a solder splash 
on the board or an open-circuit con- 
nection. 


How to measure 
240VAC current 


I need to measure the current 
through a wire providing 240V AC 
with an upper limit of 10A. I would 
like to use a 10A DC panel meter as 
they are readily available from local 
electronic outlets such as Jaycar. 

I suspect that by using a parallel 
circuit of two diode paths, one with 
the meter in line, that this might do 
the job. J am reluctant to try this idea 
as it might at least blow up the meter 
and at worst do other damage. Will my 
idea work or is there a better solution? 
(D. W., Spence, (ACT). 


@ EXTREME DANGER: do not even 
think of using a 10A DC panel meter 
to measure 240V AC current. Instead, 
have a look at the Current Clamp 
Adaptor for multimeters published 
in the September 2003 issue of SILI- 
CON CHIP. 


Theremin volume 
control not progressive 


I’ve assembled the Theremin from 
the August 2000 issue. The pitch an- 
tenna works fine but I have a problem 
with the volume plate. When my hand 
gets near the plate, the sound is cut off 
but it should do some kind of fade-out 
I guess. So it’s quite impossible to get 
the volume louder and softer — it’s 
loud or cut. 

I’ve tried the suggestions described 
in the manual. Is there anything else I 
can do? (S. M., Ingolstadt, Germany). 
© ‘Try using a smaller value of resist- 
ance between pins 1 and 2 of IG2b. A 
value of 220kQ should decrease the 
sensitivity of the volume control. 


Notes & Errata 


RGB to Component Video Con- 
verter, October 2004: the feed- 
back resistor for IC2a should 
have a value of 1kQ, not 510Q. 
This resistor is located just in 
front of IC2 but on the top of the 
PC board. 


4-Wire Stepper Motor Driver, 
March 2004 {Circuit Notebook, 
page 37): the text states that “The 
original circuit’s IRRZ44Ns can 
be replaced with IRF9530s”. 
This should read “The original 
IRFZ44Ns can be replaced with 
TRF530s”. 





SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. 
All such projects should be considered dangerous or even lethal if not used safely. Readers are warned that high 
voltage wiring should be carried out according to the instructions in the articles. When working on these projects 
use extreme care to ensure that you do not accidentally come into contact with mains AC voltages or high voltage 
DC. If you are not confident about working with projects employing mains voltages or other high voltages, you are 
advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should 
anyone be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 
Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability 
for the tnfringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also 
disclaims any liability for projects which are used in such a way as to infringe relevant government regulations 


and by-laws. 


Advertisers are warned that they are responsible for the content of all advertisements and that they must con- 
form to the Trade Practices Act 1974 or as subsequently amended and to any governmental regulations which are 


applicable. 
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Cash in your surplus gear. Advertise it here in Silicon Chip. 





CLASSIFIED ADVERTISING RATES 


Advertising rates for this page: Classified ads: $22.00 (incl. GST) for up to 20 words 
plus 66 cents for each additional word. Display ads: $36.00 (incl. GST) per column 
centimetre (max. 10cm). Closing date: five weeks prior to month of sale. 


To run your classified ad, print it clearly in the space below or on a separate sheet 
of paper, fill out the form & send it with your cheque or credit card details to: Silicon 
Chip Classifieds, PO Box 139, Collaroy, NSW 2097. Alternatively, fax the details 
to (02) 9979 6503 or send an email to silchip@siliconchip.com.au 


Taxation Invoice ABN 49 003 205 490 


—_e_——? M M M a 


— M rm 


Enclosed is my cheque/money order for $ or please debit my 


[] Bankcard Ç] VisaCard [] Master Card 


Signature_ Card expiry date / 


Name N 





Street 





Suburb/town Postcode 
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| Phone: Fax: Email: 
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FOR SALE 





Penguin temperature and humidity 
dataloggers 

N1500 universal process indicator. Dis- 
plays thermocouple, RTD, 4-20mA and 
0-5V readings 

Labjack USB Data Acquisition Mod- 
ule features 8 12bit analog inputs, 20 
digital I/O, 2 analog outputs and high 
speed counter. Free software, Labview 
driver and ActiveX component. 

UHF 433MHz and Infra Red remote 
relay controller cards 

serial and Parallel port relay control- 
ler cards 

Pump and Alarm Controller card. 
Programmers for Atmel and PIC mi- 
crocontrollers. 

sPlan Windows electronic schematic 
software and Sprint Layout Windows 
PCB layout software are feature packed 
but low in price 

DAS005 Parallel Port Data Acquisi- 
tion Module features 8 12bit Analog in- 
puts, 4 Digital I/Ps & 4 Digital O/Ps. Free 
windows software and source code. 
Pixel Programmable Controller with 
4 analog inputs, 8 digital inputs and 8 
relay outputs. Uses a 28X Picaxe. Pro- 
grammed in basic or Flow chart. 

2,4 & & Relay Cards suitable for TTL 
and Open Collector Outputs 

Stepper Motor and Servo Motor con- 
troller kits 

Switch Mode and Linear Power Sup- 
plies and DC-DC converters. 

Full details and credit card ordering 
available at www.oceancontrols. 
com.au 


PICAXE PROJECT PCB KIT for hobby- 
istand home automation, POWERMATE 
energy meter, thermochron temperature 
logger, ibutton accessories ULN2803A 
driver, Luxeon Star LEDs, LED optics. 
info @techbits.com.au www.techbits. 
com.au 


ELECTRONIC ENGINEERING CON- 
SULTANTS: Electronic Hardware and 
Embedded Software for Industrial Con- 
trol and Commercial Communications. 
www.furzy.com.au 
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| ELNEC IC PROGRAMMERS | 


_ Universal and 
-specialised models 
High quality 
Realistic prices 
Large range of adaptors 


Free regular software updates 
Windows 95/98/Me/NT/2k/XP 


GRANTRONICS PTY LTD 
PO Box 275, Wentworthville. 2145. 
Ph: 02 9896 7150 


www.grantronics.com.au 


VIDEO - AUDIO - VGA 


distribution amps - splitters 
digital standards converters - tbc's 

switchers - cables - adaptors 

___genlockers - scan converters _ scan converters 


Ree praducts/and downland pricelac at www E OONA products and download pricelist at www.questronix.com.au 
fax (02) 4341 2795 phone (02) 4343 1970 
email: questavi@questronix.com.au 


Come to moto the gail meeps wre 
specialists. UUW? N POPAUL 


Silicon Chip 
Circuit Ideas Wanted 


Do you have a good circuit 
idea? If so, sketch it out, write a 
brief description of its operation 

& send it to us. Provided your 
idea is workable & original, we'll 
publish it in Circuit Notebook 
& you'll make some money. We 
pay up to $60 for a good circuit 
so send your idea to: 


Silicon Chip Publications, 
PO Box 139, Collaroy, NSW 2097. 


NOW 
AVAILABLE 
Friis 








Foam surrounds, voice coils, cones and more 
Original parts for Dynaudio, Tannoy and others 
Expert speaker repairs~ 20 years experience 
Australian agents for OF O/ON products 
Trade welcome = email for your user ID 
Phone (03) 9647 7000 


speakerbits.com.au 


TAIG MACHINERY 


Micro Mini Lathes and Mills 
From $489.00 


Stepper motors: 200 oz in $89.00, 330 oz in $110.00 
Digital verniers: 150mm $55.00, 200mm $65.00 
59 Gilmore Crescent (02) 6281 5660 
Garran ACT 2605 0412269707 





RCS RADIO/DESIGN is at 41 Arlewis 
St, Chester Hill 2162, NSW Australia 
and has all the published PC boards 
from SC, EA, ETI, HE, AEM & others. 
Ph (02) 9738 0330. sales @rcsradio. 
com.au, www.rcsradio.com.au 


S-Video ... Video ... Audio .. . VGA 
distribution amps, splitters, standards 
converters, tbc’s, switchers, cables, etc, 


& price list: www.questronix.com.au 


USB KITS: GPIB Interface, Thermostat 
Tester, LCD Module Interface, Stepper 
Motor Controller, PIO Interface, DTMF 
Transceiver, Thermometer, DDS HF 
Generator, Compass, 4 Channel Volt- 


SUL UELIN 


Project Reprints 
Limited Back Issues | 





Limited One-Shots 


If you're looking for a project from ELECTRONICS AUSTRALIA, you'll find it at SILICON CHIP! We 
can now offer reprints of all projects which have appeared in Electronics Australia, EAT, Electron- 
| ics Today, ETI or Radio, TV & Hobbies. First search the EA website indexes for the project you want 
| and then call, fax or emai! us with the details and your credit card details. Reprint cost is $8.80 per 
article (ie, 2-part projects cost $17.60). SILICON CHIP subscribers receive a 10% discount. 
We also have limited numbers of EA back issues and special publications. Call for details! 


visit www. siliconchip.com.au or www.electronicsaustralia.com.au | 
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“New New New = 
Upertarie Mark22-SM 


Slimline Mini FM R/C Receiver 


6 Channels 

10kHz frequency separation 

Size: 55 x 23 x 20mm 

Weight: 25gm 

Modular Construction 
Price: $A129.50 with crystal 


Slyetome Electronics 
PO Box 580, Riverwood, NSW 2210. 
Ph/Fax (02) 9533 3517 
email: youngbob@silvertone.com.au 
Website:www.silvertone.com.au 


meter, I/O Relay Card. Also available: 
Digital Oscilloscope, Temperature Log- 
gers, VHF Receivers and USB ActiveX 
(and USBDOS.exe file) to control our 
kits from your own application. www. 
ar.com.au/~softmark 


NIXIETUBES, SEVERALTYPES. Nixie 
clock kit just $140 including tubes. 74141 
nixie driver chips. Superbright LEDs 
from 35 cents. 5mm superbright warm 
white LEDs. Other great stuff and more 
coming soon! www.ledsales.com.au 


EXPERIMENTER PLATFORM for 
PICAXE/AVR/BS2 low cost yet provides 
incremental encoder, piezo, three push- 
buttons, three LEDs, serial port, PSU, 
830 Breadboard and PC GUI. www. 
rhombus-tek.com 


PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone (02) 9593 1025. 
sesame @sesame.com.au 
www.sesame.com.au 


CENTRAL COAST FIELD DAY, Sunday 
20th February. Don’t miss Australia’s big- 
gest Amateur Radio exhibition and sale 
of new and used radio and communica- 
tion equipment at Wyong Race Course, 
just 1 hour north from Sydney. Gates 
open 8.30 a.m. Special Field Day bar- 
gains from traders and tons of disposals 
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Do You Eat, Breathe and Sleep TECHNOLOGY? 


Opportunities for full-time and part-time positions all over Australia & New Zealand 


Jaycar Electronics is a rapidly growing, Australian 
owned, international retailer with more than 39 stores in 
Australia and New Zealand. Our aggressive expansion 
| programme has resulted in the need for dedicated 
individuals to join our team to assist us in achieving our 
goals. 


We pride ourselves on the technical knowledge of our 


staff. Do you think that the following statements describe 
| you? Please put a tick in the boxes that do: 


CL) Knowledge of electronics, particularly at component level, 

Cl Assemble projects or kits yourself for car, computer, audio, etc. 
| C Have empathy with others who have the same interest as you. 

C May have worked in some retail already (not obligatory). 

C] Have energy, anthusiasm and a personality that enjoys 

helping people. 
CO Appreciates an opportunity for future advancement. 
O Have an eye for detail. 


Printed Circuit Board Manufacture 
48-Hour service * High quality * Low prices 
De 1 offs to any quantity 5 
Artwork design ifrequired 4 Az 
> © 0 © Call for obligation free quote...d © A 

» INSTANT PCBs, POBox 448, Avaton 2107ele 

Ph (02)9974 1189 Fax (02)9974 5491 














gear in the flea market. Exhibits by clubs’ 


and groups with interests ranging from 
vintage radio, packet radio, scanning, 
amateur TV and satellite. www.ccarc. 
org.au. Ph (02) 4340 2500. 





STOCK REDUCTION SALE: Every 
Friday 12pm to 5pm. Electronic com- 
ponents, switches, LEDs, displays, 
enclosures, connectors, crystals, relays, 
neons and many more. At Switches 
Plus Components, Unit 1 - 2 Sibthorpe 
Street, Braeside, Victoria. Phone (03) 
9587 4044. 


ImageCraft C Compilers: 32-bit 
Windows IDE and compiler. For AVR, 
68HCO08, 68HC11, 68HC12, 68HC16. 
from $330.00 

Atmel Flash CPU Programmer: Han- 
dies the 89Cx051, 89C5x, 89Sxx in 
both DIP and PLCC44 and some AVP’s, 
most 8-pin EEPROMS. Includes socket 
for serial ISP cable. $220, $11 p&p. 
SOIC adaptors: 20 pin $132.00, 14 pin 
$126.50, 8 pin $121.00. 

Full details on web site. Credit cards 
accepted. | 
GRANTRONICS PTY LTD, PO Box 275, 
Wentworthville 2145. (02) 9896 7150 or 
http://www.grantronics.com.au 


WEATHER STATIONS: windspeed & 
direction, inside temperature, outside 
temperature & windchill. Records highs 
& lows with time and date as they occur. 
Optional rainfall and PC interface. Used 
by government departments, farmers, 
pilots and weather enthusiasts. Other 
models with barometric pressure, hu- 
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Why not do something you tove and get paid for it? Please 
write or email us with your details, along with your C.V. 
and any qualifications you may have. We pay a 
competitive salary, sales commissions and have great 
benefits like a liberal staff purchase policy. 


Send to: 

Retail Operations Manager - Jaycar Electronics Pty Ltd 
P.0. Box 6424 Silverwater NSW 1811 

Email: jobs@jaycar.com.au 


Jaycar Electronics is an equal opportunity employer and 
actively promotes staff from within the organisation, 
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Daly SUPPLIES 
& MADE TO ORDER PCBs 


For more details: www.acetronics.com.au 
Phone (02) 9600 6832 
email: acetronics@acetronics.com.au 


Tel: € 









midity, dew point, solar radiation, UV, 
leaf wetness, etc. Just phone, fax or write 
for our FREE catalog and price list. Eco 
Watch phone: (03) 9761 7040; fax: (03) 
9761 7050; Unit 5, 17 Southfork Drive, 
Kilsyth, Vic. 3137. ABN 63 006 399 480. 


THE PIC CLUB meets 6pm, 2nd 
Tuesday each month. We discuss PIC 
programming and project design. 1st 
Floor, Sydney Mechanics School of 
Arts, 280 Pitt Street, Sydney. Phone: 
9593 1025. 


KIT ASSEMBLY 








NEVILLE WALKER KIT ASSEMBLY 
& REPAIR: 

@ Australia wide service 

® Small production runs 

@ Specialist “one-off” applications 
Phone Neville Walker (07) 3857 2752 
Email: flashdog @ optusnet.com.au 
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PC Boards 
Printed circuit boards for SILICON 
CHIP projects are made by: 

RCS Radio Pty Ltd. Phone (02) 9738 
0330. Fax (02) 9738 0334. 
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